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RELATED APPLICATIONS 

This application is a Continuation-In-Part of U.S. Application 09/461,921, filed 
5 on December 1 5, 1 999, which is a Continuation-In-Part of U.S. Application 09/21 8,363, 
filed on December 22, 1998, which is a Continuation-In-Part of U.S. Application 
09/099,454, filed on June 18, 1998, which claims the benefit of U.S. Provisional 
Application 60/050,244, filed on June 19, 1997, the entire teachings of which are 
incorporated herein by reference. 

1 0 GOVERNMENT SUPPORT 

Part of the work performed during development of this invention utilized U.S. 
Government funds. The U.S. Government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

15 The present invention relates, in general, to torsin genes, preferably, torsinA 

which encodes the torsion dystonia gene, DYT1. In particular, the present invention 
relates to nucleic acid molecules coding for the torsin protein; purified torsin proteins 
and polypeptides; recombinant nucleic acid molecules; cells containing the recombinant 
nucleic acid molecules; antibodies having binding affinity specifically to torsin proteins 

20 and polypeptides; hybridomas containing the antibodies; nucleic acid probes for the 
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detection of nucleic acids encoding torsin proteins; a method of detecting nucleic acids 
encoding torsin proteins or polypeptides in a sample; kits containing nucleic acid probes 
or antibodies; bioassays using the nucleic acid sequence, protein or antibodies of this 
invention to diagnose, assess, or prognose a mammal afflicted with torsion dystonia; 
5 therapeutic uses; and methods of preventing torsion dystonia in an animal (preferably, a 
human). 

Related Art 

Movement disorders constitute a group of human neurologic diseases in which 
aberrant neurotransmission in the basal ganglia is associated with uncontrollable body 

10 movements, such as chorea in Huntington disease, tremor and rigidity in Parkinson 
disease, and twisting contraction in torsion dystonia. Dystonic symptoms can be 
secondary to a number of neurologic conditions, and to drug or traumatic injury to the 
brain, but primary or torsion dystonia is distinguished by lack of other neurologic 
involvement (Fahn, S., Adv Neurol 50:1-8 (1988); Chutorian, A.H., Acta 

15 Neuropediatricia 2:33-45 (1996)) and, in contrast to these other two neurodegenerative 
diseases, the absence of any distinct neuropathology. The clinical manifestations of 
dystonia show wide variations in age and site of onset, as well as body regions involved. 
The prevalence of all forms of primary dystonia is estimated at 3/10,000 in North 
America (Nutt, J.G. et al, Mov Disord 3:188-194 (1988)). 

20 Early onset, generalized dystonia is the most disabling form of primary dystonia. 

Symptoms usually begin in an arm or leg at around 12 yrs (range 4-44 years) and spread 
to involve other limbs within about 5 years (Bressman, S.B. et al, Anna! Neurol 
36:111-111 (1994b); Greene, P. et al, Mov Disord 70:143-152 (1995)). The clinical 
spectrum of early onset dystonia is similar in all ethnic populations, with highest 

25 prevalence in the Ashkenazi Jewish (termed here AJ) population (Zeman, W., & Dyken, 
P., Psychiatr Neurol Neurochir 70:77-121 (1967); Korczyn, A.D. et al, Ann Neurol 
5:387-391 (1980); Eldridge, R., Neurology 20:1-78 (1970)), due to a founder mutation 
(Ozelius, L. etaL, Am. J. Hum. Genet. 50:619-628 (1992); Risch, NJ. et al, Nature 
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Genetics 9:152-159 (1995)). Early onset dystonia follows an autosomal dominant mode 
of inheritance with 30-40% penetrance (Bressman, S. B. et al, Ann Neurol 2(5:612-620 
(1989); Risch, N.J. et al, Am J Hum Genet ^6:533-538 (1990)). The responsible gene 
in Jewish and non- Jewish families has been mapped to human chromosome 9q34 
5 (Ozelius, L. et al, Neuron 2:1427-1434 (1989); Kramer, PX. et al, Ann Neurol 27:1 14- 
120 (1990) and Kramer, P. et al, Am. J. Hum. Gen. 55:468-475 (1994)). Haplotype 
analysis of the founder mutation in AJ families placed the DYT1 gene in a 1-2 cM 
interval centromeric to the ASS locus on chromosome 9 (Ozelius, L. et al, Am. J. Hum. 
Genet. 50:619-628 (1992)) with highest lod scores obtained with adjacent markers, 
10 D9S62a/b and D9S63 (Risch, N. et al, Nature Genetics P:152-159 (1985)). 

SUMMARY OF THE INVENTION 

The present invention relates to dystonia, dystonia genes, encoded proteins and 
mutations in dystonia genes that result in a dystonia disorder. In particular, the 
invention provides isolated nucleic acid molecules coding for torsin proteins, preferably, 
15 torsinA. 

The invention further provides purified polypeptides comprising amino acid 
sequences contained in torsin proteins. 

The invention also provides nucleic acid probes for the specific detection of the 
presence of and mutations in nucleic acids encoding torsin proteins or polypeptides in a 
20 sample. 

The invention further provides a method of detecting the presence of mutations 
in a nucleic acid encoding a torsin protein in a sample. 

The invention also provides a kit for detecting the presence of mutations in a 
nucleic acid encoding a torsin protein in a sample. 
25 The invention further provides a recombinant nucleic acid molecule comprising, 

5 ! to 3 1 , a promoter effective to initiate transcription in a host cell and the above- 
described isolated nucleic acid molecule. 
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The invention also provides a recombinant nucleic acid molecule comprising a 
vector and the above-described isolated nucleic acid molecule. 

The invention further provides a recombinant nucleic acid molecule comprising 
a sequence complimentary to an RNA sequence encoding an amino acid sequence 
5 corresponding to the above-described polypeptide. 

The invention also provides a cell that contains the above-described recombinant 
nucleic acid molecule. 

The invention further provides a non-human organism that contains the above- 
described recombinant nucleic acid molecule. 
10 The invention also provides an antibody having binding affinity specifically to a 

torsin protein or polypeptide. 

The invention further provides a method of detecting a torsin protein or 
polypeptide in an sample. 

The invention also provides a method of measuring the amount of a torsin 
1 5 protein or polypeptide in a sample. 

The invention further provides a method of detecting antibodies having binding 
affinity specifically to a torsin protein or polypeptide. 

The invention further provides a diagnostic kit comprising a first container 
means containing a conjugate comprising a binding partner of the monoclonal antibody 
20 and a label. 

The invention also provides a hybridoma which produces the above-described 
monoclonal antibody. 

The invention further provides diagnostic methods for dystonia disorders in 
humans, in particular, torsion dystonia. Preferably, a method of diagnosing the presence 
25 or absence of dystonia; predicting the likelihood of developing or a predisposition to 
develop dystonia in a human is provided herein. Specifically, methods of the present 
invention encompass detecting the presence or absence of a mutation in a gene wherein 
the mutation results in a dystonia disorder that affects humans. For example, the 
method comprises obtaining a sample from a human patient; evaluating the 
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characteristics of nucleic acid encoding torsinA in the sample, wherein the evaluation 
comprises detecting the GAGGAG region (SEQ ID NO: 5 at nucleotide positions 946- 
951) in the sample; and diagnosing the presence or predisposition to develop torsion 
dystonia in a patient wherein the absence of three nucleotides from the GAGGAG 
5 region indicates the presence or predisposition to develop torsion dystonia. 

The present invention also encompasses methods for diagnosing the presence or 
absence of a dystonia disorder in a human comprising detecting the presence or absence 
of at least one mutation in a dystonia gene, wherein the presence of a mutation in the 
dystonia gene is indicative of a positive diagnosis and the absence of the mutation is 

1 0 indicative of the absence of a dystonia disorder. The dystonia disorder can be, for 

example, torsion dystonia. A biological sample obtained from a human can be used in 
the diagnostic methods. The biological sample can be a bodily fluid sample such as 
blood, saliva, semen, vaginal secretion, cerebrospinal and amniotic bodily fluid sample. 
Alternatively or additionally, the biological sample is a tissue sample such as a 

15 chorionic villus, neuronal, epithelial, muscular and connective tissue sample. In both 
bodily fluid and tissue samples, nucleic acids are present in the samples. In another 
embodiment the sample is a nucleic acid preparation obtained from human chromosome 
9q34. 

The dystonia gene can be the DYT1 gene (SEQ ID NO: 1). In humans who are 
20 not affected by a dystonia disorder such as torsion dystonia, two normal alleles of the 
DYT1 gene are present. Humans affected with a dystonia disorder, such as torsion 
dystonia, have one normal allele and one abnormal allele characterized by at least one 
mutation in the nucleotide sequence. In one embodiment the mutation is a deletion 
mutation. Alternatively the mutation can be a missense, or frame shift mutation. In a 
15 preferred embodiment the deletion mutation is a deletion of one or more nucleotides 
from the GAGGAG region of SEQ ID NO: 5 at nucleotide positions 946-948; 949-95 1 ; 
947-949; 948-950; or any combination thereof. For example, if the mutation to be 
detected is a deletion mutation, the presence or absence of three nucleotides in this 
region can result in the deletion of an A and two Gs, which, in turn, results in GAG 
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rather than GAGGAG in the sequence. The presence or absence of these three 
nucleotides is indicative of a negative or positive diagnosis, respectively. The biological 
samples obtained from humans are evaluated in parallel to control samples with and 
without the appropriate dystonia disorder mutation. 
5 The invention also relates to methods of detecting the presence or absence of 

dystonia disorder in a human wherein the dystonia disorder is characterized by one or 
more mutations in a dystonia gene. In this aspect of the invention a test sample 
comprising the dystonia gene is analyzed for the presence or absence of one or more 
mutations in the dystonia gene and compared to results of analysis of control samples. 
10 The test samples comprise biological samples from the human (e. g., blood, tissue). The 
control samples comprise biological samples with or without a mutation in the dystonia 
gene. The presence or absence of a mutation in the test sample is indicative of a 
positive or negative diagnosis, respectively, for a dystonia disorder. 

Another aspect of the invention relates to methods of detecting the presence or 
1 5 absence of a dystonia disorder, wherein the test sample from the human is evaluated by 
performing a polymerase chain reaction, hereinafter "PCR," with oligonucleotide 
primers capable of amplifying a dystonia gene, such as the DYT1 gene (SEQ ID NO: 1). 
The PCR-specific primers can be, for example, designed for a region of exon 5 of the 
DYT1 gene (SEQ ID NO: 27), such as SEQ ID NOS: 28 and 29. Following PCR 
20 amplification of a nucleic acid sample, the amplified nucleic acid fragments are 
separated and mutations in the DYT1 gene and alleles of the dystonia gene detected. 
For example, a mutation in the DYT1 gene is indicative of the presence of the torsion 
dystonia, whereas the lack of a mutation is indicative of a negative diagnosis. In one 
embodiment the mutation is a deletion mutation comprising the deletion of three 
25 nucleotides in the DYT1 gene. In another embodiment the mutation is in three 
nucleotides from a GAGGAG region of SEQ ID NO: 5, preferably at nucleotide 
positions 946-948; 949-951; 947-949; 948-950; or any combination thereof. In yet 
another embodiment, the method further comprises the additional step of sequencing the 
amplified DNA fragments. 



An additional aspect of the invention is a method of determining the presence or 
absence of a dystonia disorder in a human including the steps of contacting a biological 
sample obtained from the human with a nucleic acid probe to a dystonia gene; 
maintaining the biological sample and the nucleic acid probe under conditions suitable 
for hybridization; detecting hybridization between the biological sample and the nucleic 
acid probe; and comparing the hybridization signal obtained from the human to a 
control sample which does or does not contain a dystonia disorder. The absence of a 
hybridization signal is indicative of a positive diagnosis. The presence of a 
hybridization signal is indicative of a negative diagnosis. The dystonia disorder can be, 
for example, torsion dystonia. The hybridization is performed with a nucleic acid 
fragment of a dystonia gene such as DYT1 (SEQ ID NO: 1). The nucleic acid probe can 
be labeled (e. g., fluorescent, radioactive, enzymatic, biotin label). 

The invention also encompasses methods for predicting whether a human is 
likely to be affected with a dystonia disorder, comprising obtaining a biological sample 
from the human; contacting the biological sample with a nucleic acid probe; 
maintaining the biological sample and the nucleic acid probe under conditions suitable 
for hybridization; and detecting hybridization between the biological sample and the 
nucleic acid probe. In another embodiment the method further comprises performing 
PCR with oligonucleotide primers capable of amplifying a dystonia gene (e. g., DYT1, 
SEQ ID NO: 1); and detecting a mutation in amplified DNA fragments of the dystonia 
gene, wherein the mutation in the dystonia gene is indicative of the presence or absence 
of the torsion dystonia. The hybridization can detect, for example, a deletion in 
nucleotides indicative of a positive diagnosis; or the presence of nucleotides indicative 
of a negative diagnosis. In one embodiment the deletion is of nucleotides corresponding 
to GAG from a GAGGAG region (SEQ ID NO: 5). The deletion mutation can be a 
deletion of nucleotides 946-948; 949-951; 947-949; 948-950; or any combination 
thereof from SEQ ID NO: 5. In another embodiment, the amplified DNA fragments can 
be sequenced to detect the presence or absence of mutations. 
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The invention further provides for methods of determining the presence or 
absence of a dystonia disorder in a human comprising obtaining a biological sample 
from the human; and assessing the level of a dystonia protein in the biological sample 
comprising bodily fluids, tissues or both from the human. The levels or concentrations 
5 of the dystonia protein are determined by contacting the sample with at least one 

antibody specific to a dystonia protein, and detecting the levels of the dystonia protein. 
An alteration in the dystonia protein levels is indicative of a diagnosis. The dystonia 
protein detected can be, for example, torsinA (SEQ ID NO: 2) encoded by the nucleic 
acid sequence of SEQ ID NO: 1 . The antibody used in the method can be a polyclonal 
1 0 antibody or a monoclonal antibody and can be detectably labeled (e. g. , fluorescence, 
biotin, colloidal gold, enzymatic), hi another embodiment the method of assessing the 
level or concentration of the dystonia protein further comprises contacting the sample 
with a second antibody specific to the dystonia protein or a complex between an 
antibody and the dystonia protein. 
1 5 The present invention also provides for a kit for diagnosing the presence or 

absence of a dystonia disorder in a human comprising one or more reagents for 
detecting a mutation in a dystonia gene, such as DYT1, or a dystonia protein, such as 
torsinA, in a sample obtained from the human. The one or more reagents for detecting 
the torsion dystonia are used for carrying out an enzyme-linked immunosorbent assay or 
20 a radioimmunoassay to detect the presence of absence of dystonia protein. In another 
embodiment the kit comprises one or more reagents for detecting the torsion dystonia by 
carrying out a PCR, hybridization or sequence-based assay or any combination thereof. 

It is also envisioned that the methods of the present invention can diagnosis a 
mutation in a dystonia gene, such as DYT1, which encodes a dystonia protein, such as 
25 torsinA, wherein a mutation in the dystonia gene for the human is compared to a 
mutation in a dystonia gene for a parent of the human who is unaffected by a torsion 
dystonia, a parent of the human who is affected by the torsion dystonia and a sibling of 
the human who is affected by the torsin dystonia. 



The invention also provides methods for therapeutic uses involving all or part of 
(1) the nucleic acid sequence encoding torsin protein or (2) torsin protein. 

Another embodiment of the invention provides the exon structure and physical 
map of the human TORI A and TOR IB genes. 

The invention also provides 5' and 3' intron nucleic acid sequence flanking the 
exons of the TORI A and TORB genes. 

The invention further provides nucleic acid sequences useful as probes and 
primers for the identification of mutations or polymorphisms which mediate clinical 
neuronal diseases, or which confer increased vulnerability (e. g., genetic predisposition) 
respectively, to other neuronal diseases. 

Another embodiment of the invention provides methods utilizing the disclosed 
probes and primers to detect mutations or polymorphisms in other neuronal genes 
implicated in conferring a particular phenotype which gives rise to overt clinical 
symptoms in a mammal that are consistent with (e. g, correlate with) the 
neuroanatomical expression of the gene. For example, the methods described herein 
can be used to confirm the role of TORI A or TOR1B in neuronal diseases, including 
but not limited to dopamine-mediated diseases, movement disorders, neurodegenerative 
diseases, neurodevelopmental diseases and neuropsychiatry disorders. 

A particular embodiment of the invention provides a method of detecting the 
presence or absence of Parkinson's disease in a mammal, for example a human. 

An alternative embodiment provides a method of identifying a gene comprising 
a mutation or a polymorphism resulting in a dopamine-mediated disease, or a neuronal 
disease. 

Another embodiment of the invention provides a method of identifying a 
mutation or polymorphism in a neuronal gene which confers increased susceptibility to 
a neuronal disease. 



Definitions 
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In the description that follows, a number of terms used in recombinant DNA 
(rDNA) technology are extensively utilized. In order to provide a clear and consistent 
understanding of the specification and claims, including the scope to be given such 
terms, the following definitions are provided. 

Isolated Nucleic Acid Molecule. An "isolated nucleic acid molecule", as is 
generally understood and used herein, refers to a polymer of nucleotides, and includes 
but should not be limited to DNA and RNA. The "isolated" nucleic acid molecule is 
purified from its natural in vivo state. 

Recombinant DNA. Any DNA molecule formed by joining DNA segments 
from different sources and produced using recombinant DNA technology (a.k.a. 
molecular genetic engineering). 

DNA Segment. A DNA segment, as is generally understood and used herein, 
refers to a molecule comprising a linear stretch of nucleotides wherein the nucleotides 
are present in a sequence that can encode, through the genetic code, a molecule 
comprising a linear sequence of amino acid residues that is referred to as a protein, a 
protein fragment or a polypeptide. 

Gene. A DNA sequence related to a single polypeptide chain or protein, and as 
used herein includes the 5' and 3' untranslated ends. The polypeptide can be encoded by 
a full-length sequence or any portion of the coding sequence, so long as the functional 
activity of the protein is retained. 

Complementary DNA (cDNA). Recombinant nucleic acid molecules 
synthesized by reverse transcription of messenger RNA ("mRNA). 

Structural Gene. A DNA sequence that is transcribed into mRNA that is then 
translated into a sequence of amino acids characteristic of a specific polypeptide. 

Restriction Endonuclease. A restriction endonuclease (also restriction enzyme) 
is an enzyme that has the capacity to recognize a specific base sequence (usually 4, 5, or 
6 base pairs in length) in a DNA molecule, and to cleave the DNA molecule at every 
place where this sequence appears. For example, EcoKL recognizes the base sequence 
GAATTC/CTTAAG. 
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Restriction Fragment. The DNA molecules produced by digestion with a 
restriction endonuclease are referred to as restriction fragments. Any given genome can 
be digested by a particular restriction endonuclease into a discrete set of restriction 
fragments. 

5 Agarose Gel Electrophoresis. To detect a polymorphism in the length of 

restriction fragments, an analytical method for fractionating double-stranded DNA 
molecules on the basis of size is required. The most commonly used technique (though 
not the only one) for achieving such a fractionation is agarose gel electrophoresis. The 
principle of this method is that DNA molecules migrate through the gel as though it 

10 were a sieve that retards the movement of the largest molecules to the greatest extent 
and the movement of the smallest molecules to the least extent. Note that the smaller 
the DNA fragment, the greater the mobility under electrophoresis in the agarose gel. 

The DNA fragments fractionated by agarose gel electrophoresis can be 
visualized directly by a staining procedure if the number of fragments included in the 

1 5 pattern is small. The DNA fragments of genomes can be visualized successfully. 
However, most genomes, including the human genome, contain far too many DNA 
sequences to produce a simple pattern of restriction fragments. For example, the human 
genome is digested into approximately 1,000,000 different DNA fragments by EcoRl. 
In order to visualize a small subset of these fragments, a methodology referred to as the 

20 Southern hybridization procedure can be applied. 

Southern Transfer Procedure. The purpose of the Southern transfer procedure 
(also referred to as blotting) is to physically transfer DNA fractionated by agarose gel 
electrophoresis onto a nitrocellulose filter paper or another appropriate surface or 
method, while retaining the relative positions of DNA fragments resulting from the 

25 fractionation procedure. The methodology used to accomplish the transfer from agarose 
gel to nitrocellulose involves drawing the DNA from the gel into the nitrocellulose 
paper by capillary action. 

Nucleic Acid Hybridization. Nucleic acid hybridization depends on the 
principle that two single-stranded nucleic acid molecules that have complementary base 
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sequences will reform the thermodynamically favored double-stranded structure if they 
are mixed under the proper conditions. The double-stranded structure will be formed 
between two complementary single-stranded nucleic acids even if one is immobilized 
on a nitrocellulose filter. In the Southern hybridization procedure, the latter situation 
5 occurs. As noted previously, the DNA of the individual to be tested is digested with a 
restriction endonuclease, fractionated by agarose gel electrophoresis, converted to the 
single-stranded form, and transferred to nitrocellulose paper, making it available for 
reannealing to the hybridization probe. Examples of hybridization conditions can be 
found in Ausubel, F.M. et al, Current protocols in Molecular Biology, John Wily & 
10 Sons, Inc., New York, NY (1989). A nitrocellulose filter is incubated overnight at 68°C 
with labeled probe in a solution containing 50% formamide, high salt (either 5x 
SSC[20X: 3M NaCl/0.3M trisodium citrate] or 5X SSPE [20X: 3.6M NaCl/0.2M 
NaH 2 PO 4 /0.02M EDTA, pH 7.7]), 5X Denhardt's solution, 1% SDS, and 100 ug/ml 
denatured salmon sperm DNA. This is followed by several washes in 0.2X SSC/0.1% 
1 5 SDS at a temperature selected based on the desired stringency: room temperature (low 
stringency), 42°C (moderate stringency) or 68°C (high stringency). The temperature is 
selected is determined based on the melting temperature (Tm) of the DNA hybrid. 

Hybridization Probe. To visualize a particular DNA sequence in the Southern 
hybridization procedure, a labeled DNA molecule or hybridization probe is reacted to 
>0 the fractionated DNA bound to the nitrocellulose filter. The areas on the filter that carry 
DNA sequences complementary to the labeled DNA probe become labeled themselves 
as a consequence of the reannealing reaction. The ears of the filter that exhibit such 
labeling are visualized. The hybridization probe is generally produced by molecular 
cloning of a specific DNA sequence. 
15 Oligonucleotide or Oligomer. A molecule comprised of two or more 

deoxyribonucleotides or ribonucleotides, preferably more than three. Its exact size will 
depend on many factors, which in turn depend on the ultimate function or use of the 
oligonucleotide. AN oligonucleotide can be derived synthetically or by cloning. 
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Sequence Amplification. A method for generating large amounts of a target 
sequence. In general, one or more amplification primers are annealed to a nucleic acid 
sequence. Using appropriate enzymes, sequences found adjacent to, or in between the 
primers are amplified. 

Amplification Primer. An oligonucleotide which is capable of annealing 
adjacent to a target sequence and serving as an initiation point for DNA synthesis when 
placed under conditions in which synthesis of a primer extension product which is 
complementary to a nucleic acid strand is initiated. 

Vector. A plasmid or phage DNA or other DNA sequence into which DNA can 
be inserted to be cloned. The vector can replicate autonomously in a host cells, and can 
be further characterized by one or a small number of endonuclease recognition sites at 
which such DNA sequences can be cut in a determinable fashion and into which DNA 
can be inserted. The vector can further contain a marker suitable for use in the 
identification of cells transformed with the vector. Markers, for example, are 
tetracycline resistance or ampicillin resistance. The words "cloning vehicle" are 
sometimes used for "vector." 

Expression. Expression is the process by which a structural gene produces a 
polypeptide. It involves transcription of the gene into mRNA, and the translation of 
such mRNA into polypeptides(s). 

Expression Vector. A vector or vehicle similar to a cloning vector but which is 
capable of expressing a gene which has been cloned into it after transformation into a 
host. The cloned gene is usually placed under the control of (/. e., operably linked to) 
certain control sequences such as promoter sequences. 

Expression control sequences will vary depending on whether the vector is 
designed to express the operably linked gene in a prokaryotic or eukaryotic host and can 
additional contain transcriptional elements such as enhancer elements, termination 
sequences, tissue-specificity elements, and/or translational initiation and termination 
sites. 
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Functional Derivative. A "functional derivative" of a sequence, either protein or 
nucleic acid, is a molecule that possesses a biological activity (either functional or 
structural) that is substantially similar to a biological activity of the protein or nucleic 
acid sequence. A functional derivative of a protein can contain post-translational 
5 modifications such as covalently linked carbohydrate, depending on the necessity of 
such modification for the performance of a specific function. The term "functional 
derivative" is intended to include the "fragment," "segments," "variants," "analogs," or 
"chemical derivatives" of a molecule. 

As used herein, a molecule is said to be a "chemical derivative" of another 

10 molecule when it contains additional chemical moieties not normally a part of the 

molecule. Such moieties can improve the molecule's solubility, absorption, biological 
half life, and the like. The moieties can alternatively decrease the toxicity of the 
molecule, eliminate or attenuate any undesirable side effect of the molecule, and the 
like. Moieties capable of mediating such effects are disclosed in Remington's 

1 5 Pharmaceutical Sciences (1980). Procedures for coupling such moieties to a molecule 
are well known in the art. 

Variant. A "variant" of a protein or nucleic acid is meant to refer to a molecule 
substantially similar in structure and biological activity to either the protein or nucleic 
acid. Thus, provided that two molecules possess a common activity and can substitute 

20 for each other, they are considered variants as that term is used herein even if the 

composition or secondary, tertiary, or quaternary structure of one of the molecules is not 
identical to that found in the other, or if the amino acid or nucleotide sequence is not 
identical. 

Allele. An "allele" is an alternative form of a gene occupying a given locus on 
25 the chromosome. 

Mutation. A "mutation" is any detectable change in the genetic material which 
can be transmitted to daughter cells and possibly even to succeeding generations giving 
rise to mutant cells or mutant individuals. If the descendants of a mutant cell give rise 
only to somatic cells in multicellular organisms, a mutant spot or area of cells arises. 
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Mutations in the germ line of sexually reproducing organisms can be transmitted by the 
gametes to the next generation resulting in an individual with the new mutant condition 
in both its somatic and germ cells. A mutation can be any (or a combination of) 
detectable, unnatural change affecting the chemical or physical constitution, mutability, 
5 replication, phenotypic function, or recombination of one or more deoxyribonucleotides; 
nucleotides can be added, deleted, substituted for, inverted, or transposed to new 
positions with and without inversion. Mutations can occur spontaneously and can be 
induced experimentally by application of mutagens. A mutant variation of a nucleic 
acid molecule results from a mutation. A mutant polypeptide can result form a mutant 

10 nucleic acid molecule and also refers to a polypeptide which is modified at one, or 
more, amino acid residues from the wildtype (naturally occurring) polypeptide. The 
term "mutation", as used herein, can also refer to any modification in a nucleic acid 
sequence encoding a dystonia protein. For example, the mutation can be a point 
mutation or the addition, deletion, insertion and/or substitution of one or more 

1 5 nucleotides or any combination thereof. The mutation can be a missense or frameshift 
mutation. Modifications can be, for example, conserved or non-conserved, natural or 
unnatural. 

Species. A "species" is a group of actually or potentially interbreeding natural 
populations. A species variation within a nucleic acid molecule or protein is a change in 

20 the nucleic acid or amino acid sequence that occurs among species and can be 
determined by DNA sequencing of a molecule in question. 

Polyacrylamide Gel Electrophoresis (PAGE). The most commonly used 
technique (though not the only one) for achieving a fractionation of polypeptides on the 
basis of size is polyacrylamide gel electrophoresis. The principle of this method is that 

25 polypeptide molecules migrate through the gel as though it were a sieve that retards the 
movement of the largest molecules to the greatest extent and the movement of the 
smallest molecules to the least extent. Note that the smaller the polypeptide fragment, 
the greater the mobility under electrophoresis in the polyacrylamide gel. Both before 
and during electrophoresis, the polypeptides typically are continuously exposed to the 
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detergent sodium dodecyl sulfate (SDS), under which conditions the polypeptides are 
denatured. Native gels are run in the absence of SDS. The polypeptides fractionated by 
polyacrylamide gel electrophoresis can be visualized directly by a staining procedure if 
the number of polypeptide component is small. 
5 Western Transfer Procedure. The purpose of the Western transfer procedure 

(also referred to as blotting) is to physically transfer polypeptides fractionated by 
polyacrylamide gel electrophoresis onto a nitrocellulose filter paper or another 
appropriate surface or method, while retaining the relative positions of polypeptides 
resulting from the fractionation procedure. The blot is then probed with an antibody 
1 0 that specifically binds to the polypeptide of interest. 

Purified. A "purified" protein or nucleic acid is a protein or nucleic acid that has 
been separated from a cellular component. "Purified" proteins or nucleic acids have 
been purified to a level of purity not found in nature. 

Substantially Pure. A "substantially pure" protein or nucleic acid is a protein or 
1 5 nucleic acid preparation that is lacking in all other cellular components. 

Nucleic Acids. Nucleic acids are defined herein as heteropolymers of nucleic 
acid molecules. Nucleic acid molecules are meant to refer to chains of nucleotides 
joined together by phosphodiester bonds to form a nucleic acid heteropolymer. The 
nucleic acid molecules can be double stranded or single stranded and can be 
20 deoxyribonucleotide (DNA) molecules, such as cDNA or genomic DNA, or 

ribonucleotide (RNA) molecules. As such, the nucleic acid molecule can include one 
or more exons, with or without, as appropriate, introns. 

PCR. PCR refers to the polymerase chain reaction, a rapid procedure for the in 
vitro enzymatic amplification of nucleic acids. The nucleic acid to be amplified is 
25 denatured by heating in the presence of DNA polymerase, excess deoxyribonucleotide 
triphosphates and oligonucleotides that specifically hybridize to target sequences to 
prime new DNA synthesis. The amplification procedure is characterized by cycling 
which leads to a multi-fold amplification of a nucleic acid fragment of interest. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Cosmid contig and transcript map across DYT1 target region. 
Horizontal lines depict cosmids, vertical lines denote restriction sites X-Xhol, 
E=EcoRI, and N=NotI (Nv,Xv,Ev = vector ends) and numbers indicate size of 
5 fragments in kilobases. The dotted vertical lines indicate the 5 f and 3' ends of each 
cDNA and the position of the recombinant markers D9S2161 and D9S63. Dark 
horizontal arrows at the bottom represent transcripts, with the direction of the arrow 
indicating the direction of transcription. The boxes above the cDNAs point out some of 
the trapped exons. The cosmids used to construct the map are listed on both sides. The 
10 cosmid names followed by LL are from the Lawrence Livermore chromosome 9- 

specific library and designated names are all preceded by LL09NC01; those followed by 
LA are from the Los Alamos chromosome 9-specific library. CEN stands for 
centromere and TEL for telomere and indicate the orientation of this map with respect 
to chromosome 9q. 

15 Figure. 2. Sequence variations in cDNAs in DYT1 region. Diagrams are scaled 

representations of each of the four cDNA transcripts in the critical region. The striped 
black box indicated 5' untranslated sequence; the striped white box indicates deduced 
open reading frame; and the wavy line indicates 3' untranslated sequences. The dashed 
lines at the 5' end of the open reading frame of cDNAs DQ2 and DQ3 indicate that no 

20 stop codon 5* to the first predicted methionine (M) has been found. The numbers 

flanking the open reading frame box indicate the beginning and end of the cDNAs and 
the nucleotide position of the predicted start and stop codons. Regions generating 
SSCP shifts are indicated above the transcript diagram: + marks those for which 
nucleotide changes have not yet been determined; * marks the location of known 

25 nucleotide changes corresponding to SSCP shifts; A marks the GAG-deletion in cDNA 
DQ2. Nucleotide changes and resulting amino acid conversions are given below each 
cDNA. Transcript sizes were estimated by northern blot analysis. 

Figures 3A and 3B. Northern blot analysis of DQ2 and DQ1 transcripts. 
Northern blots of human RNA (Clontech) in order from left to right - fetal: 1) brain, 2) 
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lung, 3) liver and 4) kidney; and adult: 1) heart, 2) brain, 3) placenta, 4) lung, 5) liver, 
6) skeletal muscle, 7) kidney and 8) pancreas. Blots hybridized to PCR probes 
corresponding in Fig. 3A to nucleotides 149-1307 of cDNA DQ2; and in Fig. 3B to 
nucleotides 28 - 728 of cDNA DQ1 . Marker sizes are indicated by bars, 
5 Figures 4A-4C. Comparison of predicted amino acid sequences of torsin gene 

family members. 

Figure 4A. Alignment of torsins and torps. torsinA (SEQ ID NO: 9) and 
torsinB (SEQ ID NO: 10) are encoded by cDNAs DQ2 and DQ1, respectively. TorpCel 
(SEQ ID NO: 1 1) is the predicted amino acid sequence from a C. elegans genomic 
10 sequence. Torp-1 (SEQ ID NO: 12) and torp-2 (SEQ ID NO: 13) correspond to 

overlapping expressed sequence tag cDNAs from human and mouse, respectively. The 
solid triangle represents the site of the GAG (E) deletion in torsinA. Conserved 
cysteine residues are represented by *. Darkly shaded residues are identical to a 
consensus sequence; lightly shaded residues are similar. Conserved possible 
15 phosphorylation sites for protein kinase C (PKC) and casein kinase 2 (CK2) are boxed. 

Figure 4B. Schematic representation of torsinA domains. The N-terminal 
region (left) contains about 40 hydrophobic amino acids, preceded by two basic 
residues (K, R) and bisected by a polar and an acidic residue (Q, E). The ATP-binding 
domain is indicated along with its conserved A and B motifs. Two additional motifs 
20 conserved with the HSP 1 00 family (SN and IV) are shaded. 

Figure 4C. Comparison of torsin A (SEQ ID NO: 16), torsin B (SEQ ID NO: 
17) torpCel (SEQ ID NO: 18), torp-1 (SEQ ID NO: 19), and torp-2 (SEQ ID NO: 20) 
with two representative members of the HSP100 family. SKD3 (SEQ ID NO: 14), from 
mouse is an HSP100 family member of class 2M; HSP101 (SEQ ID NO: 15) from 
25 soybean is a heat shock protein of class IB (Schirmer, E. C. et al. 9 1996, TIBS. 21 :289- 
296). Shaded residues are identical to a consensus sequence. The conserved motifs (A, 
B, SN and IV) occur in all seven proteins. 

Figures 5A-5D. Resolution of GAG-deletion associated with early onset 
dystonia. 
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Figure. 5A. Sequence. Autoradiograph of sequencing gel showing mutant and 
normal sequence from amplified genomic DNA using primer 6419 (SEQ ID NO: 64). 
The sequence, which is read 5' to 3* from the bottom up, demonstrates the GAG- 
deletion found on one allele in an affected patient. This mutation occurs at nucleotides 
5 946-948 in the coding region and results in the deletion of a Glu residue from the 
protein. 

Figure. 5B. SSCP analysis of fragments. Autoradiograph showing PCR-SSCP 
analysis of genomic DNA from affected and control individuals. Primers (6418 and 
6419) were used to produce 250 bp fragment which were resolved in non-denaturing 
10 acrylamide gels. Lane 1,3, and 5 are affected individuals with typical early onset 

dystonia; lane 2 and 4 are unaffected individuals. Solid triangle indicates shifted band 
associated with GAG-deletion; open triangle indicates 2 bands associated with normal 
allele. 

Figure 5C. Digestion ofPCR fragment with BseRl. PCR products were 
15 generated from genomic DNA with primers 6419 and H48 and the 200 bp product was 
digested with BseRL Bands of 120 bp and 70 bp were generated from control DNA 
(lane 2), whereas a novel band of 130 bp was generated from affected individuals with 
the GAG-deletion (lane 1), because of the loss of a BseRI site. Lane 3 and 4 are 
markers: 3) PCR products of specific sizes (50, 1 00 and 130 bp) and 4) 100 bp ladder 
20 (Pharmacia). 

Figure 5D. Sequence surrounding GAG-deletion. Normal genomic (SEQ ID 
NO: 21)/cDNA (SEQ ED NO: 22) sequence of torsinA showing position of primers 
(arrows); the GAGGAG sequence (bracketed) in which the GAG-deletion occurs; and 
BseRI sites (*, site deletion lost as a result of the deletion). 
25 Figure 6. Hypothetical model of neuronal involvement in early onset dystonia 

as a function of age. Dystonic symptoms are believed to arise through neuronal 
dysfunction in the basal ganglia. Neurons in this region of the brain have a anatomical 
patterning corresponding to the movements they subserve in the body, which can be 
represented roughly as an inverted homunculus. In early onset dystonia the physical site 
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of onset of symptoms and tendency to generalize as a function of age can be represented 
as a zone of susceptibility (cross-hatched area) moving ventrally in the basal ganglia 
with age. Clinical analysis of carriers of the AJ founder mutation (Bressman, S.B., et 
al 9 1994, Annal Neurol 36:111-111) reveals that the earlier the onset of symptoms, the 
5 more likely they are to commence in lower limbs and the greater the tendency (thick 
black arrows) to generalize and involve upper parts of the body. With increasing age of 
onset, symptoms tend to involve progressively higher body parts, and still tend to 
progress upward. By >28 years of age, carriers of the early onset gene have passed the 
age of susceptibility and have only a small remaining chance of manifesting any 
10 symptoms. Still, as gene carriers, these "escapees" are at equal risk as affected gene 
carriers for having affected children. 

Figure 7. Exon structure and orientation in chromosome. Top: The restriction 
: y map of this genomic region: restriction enzymes - X-Xbal, E^EcoRI, N=Notl, and 

□ fragment sites (Ozelius, L.J. et al 9 1997, Nature Genetics. 17:40-48). Middle: the 

I 1 5 extent and orientation of TOR1B and TORI A genes (arrows) are shown relative to the 
restriction map of this genomic region. Bottom: the exon structures are depicted as 
exons in boxes with coding in solid boxes and nontranslated regions in shaded boxes. 
:. Figure 8. Phylogenetic relationships among the Torsin family, and relationship 

to the HSP101 family. For each protein, the ortholog for which there was the longest 
20 sequence was used for the phylogeny analysis. Orthologs, when included, are 

represented by much shorter branches than those separating homologs (not shown). 
Branches marked by dots are not statistically significant. 

Figures 9A and 9B. Exon/intron structure of DYT1 (SEQ ID NOS: 67-77) and 
TORB genes (SEQ ID NOS: 78-87). 
25 Figure 10. Non-GAG deleted dystonia patients evaluated for mutations in 

TORI A and TOR1B. 

Figure 11. Genotypes of dystonic individuals with apparent homozygosity in 
DYT1 region. 
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Figures 12A and 12B. Primers used to amplify DYT1 and TORB genes. 12A. 
SEQ ID NOS.: 30-39. 12B. SEQ ID NOS.: 40-47. 

Figure 13. GenBank sequences representing the Torsin gene family. Proteins 
are named as torsins or torps according to phylogenetic relationships as determined by 
5 ClustalX and shown in FIG. 8. Species are denoted for orthologs as follows: h-Homo 
sapiens, m-Mus musculus, v-Rattus norvegicus, dr-Danio rerio, dm-Drosophila 
melanogaster, ce-Caenorhabditis elegans. Gene names have been approved by mouse 
and human gene committees. Accession numbers indicate either a GenBank entry for a 
cloned gene, or a representative EST. 
10 Figures. 14A - 14E. Nucleotide sequences (SEQ ID NOS.: 48-51 and 88) of 

DYT1 intron 1 cDNA clones. 

Figures 15A - 15C. Nucleotide sequences (SEQ ID NOS.: 52, 89 and 53) of 
DYT1 intron 2 cDNA clones. 

Figure 16 A and 16B. Nucleotide sequences (SEQ ID NOS.: 54 AND 90) of 
15 D YT 1 intron 3 cDNA clone. 

Figures. 17A and 17B. Nucleotide sequences (SEQ ID NOS.: 55 and 56) of 
DYT1 intron 4 cDNA clones. 

Figures. 18A and 18B. 5' nucleotide sequence of TORB intron 1 (FIG. 18A; 
SEQ ID NO.: 57) and 3' nucleotide sequence of TORB intron 1 (FIG. 18B; SEQ ID 
20 NO.: 58). 

Figures. 19A and 19B. 5' nucleotide sequence of TORB intron 2 (FIG. 19A; 
SEQ ID NO.: 59) and 3' nucleotide sequence of TORB intron 2 (FIG. 19B; SEQ ID 
NO.: 60). 

Figures. 20A and 20B. 5' nucleotide sequence of TORB intron 3 (FIG. 20A; 
25 SEQ ID NO.: 61) and 3' nucleotide sequence of TORB intron 2 (FIG. 20B; SEQ ID 
NO.: 62). 

Figure. 21. Nucleotide sequence (SEQ ID NO.: 63) of TORB intron 4. 
The foregoing and other objects, features and advantages of the invention will 
be apparent from the following more particular description of preferred embodiments of 
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the invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of 
the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

A description of preferred embodiments of the invention follows. 
For purposes of clarity of disclosure, and not by way of limitation, the detailed 
description of the invention is divided into the following subsections: 

I. Isolated Nucleic Acid Molecules Coding for Torsin Polypeptides, 
n. Purified Torsin Polypeptides. 

III. A Nucleic Acid Probe for the Specific Detection of Torsin 
Nucleic Acid. 

TV. A Method of Detecting the Presence of Torsin Nucleic Acid in a 
Sample. 

V. A Kit for Detecting the Presence of Torsin Nucleic Acid in a 
Sample. 

VI. DNA Constructs Comprising a Torsin Nucleic Acid Molecule 
and Cells Containing These Constructs. 

VII. An Antibody Having Binding Affinity to a Torsin Polypeptide 
and a Hybridoma Containing the Antibody. 

VIH. A Method of Detecting a Torsin Polypeptide or Antibody in a 
Sample. 

IX. A Diagnostic Kit Comprising a Torsin Protein or Antibody. 

X. Diagnostic Screening and Treatment. 

XI. Transgenic Torsin "Knock-out" Mice. 
XH. HSV-1 Amplicon Constructs. 

Xm. DYT1, Related Genes and Methods of Detecting a Mutation or 
Polymorphism which Mediates Dystonia Disorders. 
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XIV. Methods of Identifying Genes Comprising a Polymorphism that 
Confers Susceptibility to Neuronal Diseases or a Mutation that 
Mediates Neuronal Disease. 



I. Isolated Nucleic Acid Molecules Coding for Torsin Polypeptides. 
5 The present invention relates to isolated nucleic acid molecules with sequences 

at least 90% identical (more preferably, 95%, 96%, 97%, 98%, 99% or 100% identical) 
to one or more of the following: a nucleotide sequence encoding the torsin polypeptide 
comprising the complete amino acid sequence in SEQ ID NOS; 2 or 4; a nucleotide 
sequence encoding the torsin polypeptide comprising the complete amino acid sequence 

10 encoded by the polynucleotide clone contained in ATCC Deposit No. 98454 or 98455; 
or a nucleotide sequence complementary to either of these nucleotide sequences. 

More specifically, the isolated nucleic acid molecule can be a torsin nucleotide 
sequence with greater than 90% identity or similarity to the nucleotide sequence present 
in SEQ ID NOS: 1 or 3 (preferably greater than 95%, 96%, 97%, 98%, 99% or 100%). 

15 In another preferred embodiment, the isolated nucleic acid molecule comprises the 

torsin nucleotide sequence present in SEQ ID NOS: 1 or 3. In another embodiment, the 
isolated nucleic acid molecule encodes the torsin amino acid sequence present in SEQ 
ID NOS: 2 or 4. 

The torsin nucleic acids were deposited at the American Type Culture 
20 Collection, 12301 Parklawn Drive, Rockville, MD 20852, USA on June 12,1997 as 
ATCC Nos. 98454 and 98455. 

Included within the scope of this invention are the functional equivalents of the 
herein-described isolated nucleic acid molecules and derivatives thereof. For example, 
the nucleic acid sequences depicted in SEQ ID NOS: 1 or 3 can be altered by 
25 substitutions, additions or deletions that provide for functionally equivalent molecules. 
Due to the degeneracy of nucleotide coding sequences, other DNA sequences which 
encode substantially the same amino acid sequence as depicted in SEQ ID NOS: 2 or 4 
can be used in the practice of the present invention. These include but are not limited to 
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nucleotide sequences comprising all or portions of torsin nucleic acid depicted in SEQ 
ID NOS: 1 or 3 which are altered by the substitution of different codons that encode a 
functionally equivalent amino acid residue within the sequence. 

In addition, the nucleic acid sequence can comprise a nucleotide sequence that 
5 results from the addition, deletion or substitution of at least one nucleotide from the 5' 
and/or 3' end of the nucleic acid sequence shown in SEQ ID NOS: 1 or 3 or a derivative 
thereof. Any nucleotide or polynucleotide can be used in this regard, provided that its 
addition, deletion or substitution does not substantially alter coding for the amino acid 
sequence of SEQ ID NOS: 2 or 4. Moreover, the nucleic acid molecule of the present 
1 0 invention can, as necessary, have restriction endonuclease recognition sites added to its 
5' and/or 3' end. All variations of the nucleotide sequence of the torsin gene and 
fragments thereof permitted by the genetic code are, therefore, included in this 
invention. 

Further, it is possible to delete codons or to substitute one or more codons for 
1 5 codons other than degenerate codons to produce a structurally modified polypeptide, 
but one that has substantially the same utility or activity of the polypeptide produced by 
the unmodified nucleic acid molecule. As recognized in the art, the two polypeptides 
are functionally equivalent, as are the two nucleic acid molecules which give rise to 
their production, even though the differences between the nucleic acid molecules are 
20 not related to degeneracy of the genetic code. 

A. Isolation of Nucleic Acid 

In one aspect of the present invention, isolated nucleic acid molecules coding 
for polypeptides having amino acid sequences corresponding to torsin proteins are 
provided. In particular, the nucleic acid molecule can be isolated from a biological 
25 sample containing torsin RNA or DNA. 

The nucleic acid molecule can be isolated from a biological sample containing 
torsin mRNA using the techniques of cDNA cloning and subtractive hybridization. The 
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nucleic acid molecule can also be isolated from a cDNA library using an homologous 
probe. 

The nucleic acid molecule can be isolated from a biological sample containing 
genomic DNA or from a genomic library. Suitable biological samples include, but are 
5 not limited to, whole organisms, organs, tissues, blood and cells. The method of 
obtaining the biological sample will vary depending upon the nature of the sample. 

One skilled in the art will realize that genomes can be subject to slight allelic 
variations between individuals. Therefore, the isolated nucleic acid molecule is also 
intended to include allelic variations, so long as the sequence is a functional derivative 
10 of a torsin coding sequence. When a torsin allele does not encode the identical 

sequence to that found in SEQ ID NOS:l or 3, it can be isolated and identified as torsin 
using the same techniques used herein, and especially PCR techniques to amplify the 
appropriate gene with primers based on the sequences disclosed herein. 

One skilled in the art will realize that organisms other than humans will also 
15 contain torsin genes (for example, eukaryotes; more specifically, mammals (preferably, 
gorillas, rhesus monkeys, and chimpanzees), rodents, worms (preferably, C. elegans), 
insects (preferably, D. melanogaster) birds, fish, yeast, and plants). The invention is 
intended to include, but is not limited to, torsin nucleic acid molecules isolated from the 
above-described organisms. 

20 B. Synthesis of Nucleic Acid 

Isolated nucleic acid molecules of the present invention are also meant to 
include those chemically synthesized. For example, a nucleic acid molecule with the 
nucleotide sequence which codes for the expression product of a torsin gene can be 
designed and, if necessary, divided into appropriate smaller fragments. Then an 

25 oligomer which corresponds to the nucleic acid molecule, or to each of the divided 
fragments, can be synthesized. Such synthetic oligonucleotides can be prepared 
synthetically (Matteucci etal, 1981,7. Am. Chem. Soa 103:3185-3191) orbyusing an 
automated DNA synthesizer. 
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An oligonucleotide can be derived synthetically or by cloning. If necessary, the 
5' ends of the oligonucleotides can be phosphorylated using T4 polynucleotide kinase. 
Kinasing the 5' end of an oligonucleotide provides a way to label a particular 
oligonucleotide by, for example, attaching a radioisotope (usually 32 P) to the 5' end. 
5 Subsequently, the oligonucleotide can be subjected to annealing and ligation with T4 
ligase or the like. 

II. Purified Torsin Polypeptides 

In another embodiment, the present invention relates to a purified polypeptide 
(preferably, substantially pure) having an amino acid sequence corresponding to a torsin 

10 protein, or a functional derivative thereof In a preferred embodiment, the polypeptide 
has the amino acid sequence set forth in SEQ ID NOS: 2 or 4 or mutant or species 
variation thereof, or at least 80% identity or at least 90% similarity thereof (preferably, 
at least 90%, 95%, 96%, 97%, 98%, or 99% identity or at least 95%, 96%, 97%, 98%, 
or 99% similarity thereof), or at least 6 contiguous amino acids thereof (preferably, at 

15 least 10, 15, 20, 25, or 50 contiguous amino acids thereof). 

In a preferred embodiment, the invention relates to torsin epitopes. The epitope 
of these polypeptides is an immunogenic or antigenic epitope. An immunogenic 
epitope is that part of the protein which elicits an antibody response when the whole 
protein is the immunogen. An antigenic epitope is a fragment of the protein which can 

20 elicit an antibody response. Methods of selecting antigenic epitope fragments are well 
known in the art (Sutcliffe et al, 1983, Science. 219:660-666). Antigenic 
epitope-bearing peptides and polypeptides of the invention are useful to raise an 
immune response that specifically recognizes the polypeptides. Antigenic 
epitope-bearing peptides and polypeptides of the invention comprise at least 7 amino 

25 acids (preferably, 9, 1 0, 12, 15 or 20 amino acids) of the proteins of the invention. 
Examples of antigenic polypeptides or peptides include those listed in Table 1, below. 



TABLE 1: ANTIGENIC EPITOPES 
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Size (N umber of Amino Acids) 


AA Position 




TorsinA 


5 


50-55 






5 


92-96 






6 


225-230 


5 




7 


287-293 






6 


315-320 




TorsinB 


9 


49-57 






3 


133-135 






4 


189-192 


10 




7 


275-281 



Amino acid sequence variants of torsin can be prepared by mutations in the 
DNA. Such variants include, for example, deletions from, or insertions or substitutions 
of, residues within the amino acid sequence shown in SEQ ID NOS: 2 or 4. Any 
combination of deletion, insertion, and substitution can also be made to arrive at the 
15 final construct, provided that the final construct possesses the desired activity. 
While the site for introducing an amino acid sequence variation is 
predetermined, the mutation itself need not be predetermined. For example, to optimize 
the performance of a particular polypeptide with respect to a desired activity, random 
mutagenesis can be conducted at a target codon or region of the polypeptide, and the 
20 expressed variants can be screened for the optimal desired activity. Techniques for 

making substitution mutations at predetermined sites in DNA having a known sequence 
are well known, e.g., site-specific mutagenesis. 

Preparation of a torsin variant in accordance herewith is preferably achieved by 
site-specific mutagenesis of DNA that encodes an earlier prepared variant or a non- 
25 variant version of the protein. Site-specific mutagenesis allows the production of torsin 
variants through the use of specific oligonucleotide sequences that encode the DNA 
sequence of the desired mutation. In general, the technique of site-specific mutagenesis 
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is well known in the art (Adelman et aL, 1983, DNA 2:183; Ausubel, et al, In: Current 
Protocols in Molecular Biology, John Wiley & Sons, (1998)). 

Amino acid sequence deletions generally range from about 1 to 30 residues, 
more preferably 1 to 10 residues. 
5 Amino acid sequence insertions include amino and/or carboxyl terminal fusions 

from one residue to polypeptides of essentially unrestricted length, as well as 
intrasequence insertions of single or multiple amino acid residues. Intrasequence 
insertions, {i.e., insertions within the complete torsin sequence) can range generally 
from about 1 to 10 residues, more preferably 1 to 5. 
10 The third group of variants are those in which at least one amino acid residue in 

the torsin molecule, and preferably, only one, has been removed and a different residue 
inserted in its place. Such substitutions preferably are made in accordance with the 
following Table 2 when it is desired to modulate finely the characteristics of torsin. 
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TABLE2 

Original Residue Exemplary Substitutions 





Ala 


gly; ser 




Arg 


lys 


< 

J 


A on 


crln * Viic 
gill, Ills 




Asp 


glu 






ser 




Lrm 


asn 




vjiU 


asp 


i n 


vjiy 


aid, pro 






dsn, gm 




lie 


leu; val 




Leu 


ile; val 




Lys 


arg; gin; glu 


15 


Met 


leu; tyr; ile 




Phe 


met; leu; tyr 




Ser 


thr 




Thr 


ser 




Trp 


tyr 


20 


Tyr 


trp; phe 




Val 


ile; leu 



Substantial changes in functional or immunological identity are made by 
selecting substitutions that are less conservative than those in Table 2, i.e., selecting 
residues that differ more significantly in their effect on maintaining a) the structure of 
25 the polypeptide backbone in the area of the substitution, for example, as a sheet or 

helical conformation, b) the charge or hydrophobicity of the molecule at the target site, 
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or c) the bulk of the side chain. The substitutions that in general are expected are those 
in which a) glycine and/or proline is substituted by another amino acid or is deleted or 
inserted; b) a hydrophilic residue, e.g., seryl or threonyl, is substituted for a 
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; c) a cysteine 
5 residue is substituted for any other residue; d) a residue having an electropositive side 
chain, e.g., lysyl, arginyl, or histidyl, is substituted for a residue having an 
electronegative charge, e.g., glutamyl or aspartyl; or e) a residue having a bulky side 
chain, e.g., phenylalanine, is substituted for one not having such a side chain, e.g., 
glycine. 

10 Some deletions, insertions and substitutions are not expected to produce radical 

changes in the characteristics of torsin. However, while it is difficult to predict the 
exact effect of the deletion, insertion or substitution in advance, one skilled in the art 
will appreciate that the effect can be evaluated by biochemical and in vivo screening 
assays. For example, a variant typically is made by site-specific mutagenesis of the 

15 native torsin-encoding nucleic acid, expression of the variant nucleic acid in cell 
culture, and, optionally, purification from the cell culture, for example, by 
immunoaffinity adsorption on a column (to absorb the variant by binding it to at least 
one immune epitope). The activity of the cell culture lysate or purified torsin variant is 
then screened by a suitable screening assay for the desired characteristic. For example, 

20 a change in the immunological character of the torsin molecule, such as affinity for a 
given antibody, can be measured by a competitive type immunoassay. Changes in 
immunomodulation activity can be measured by the appropriate assay. Modifications 
of such protein properties as redox or thermal stability, enzymatic activity, 
hydrophobicity, susceptibility to proteolytic degradation or the tendency to aggregate 

25 with carriers or into multimers are assayed by methods well known to those of ordinary 
skill in the art. 

A variety of methodologies known in the art can be utilized to obtain the 
polypeptide of the present invention. In one embodiment, the polypeptide is purified 
from tissues or cells which naturally produce the peptide. Alternatively, the above 
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described isolated nucleic acid fragments can be used to express the torsin protein in 
any organism. The samples of the present invention include cells, protein extracts or 
membrane extracts of cells, or biological fluids. The sample will vary based on the 
assay format, the detection method and the nature of the tissues, cells or extracts used as 
5 the sample. 

Any organism can be used as a source for the polypeptide of the invention, as 
long as the source organism naturally contains such a peptide. As used herein, "source 
organism" refers to the original organism from which the amino acid sequence of the 
polypeptide is derived, regardless of the organism the polypeptide is expressed in and 

1 0 ultimately isolated from. 

One skilled in the art can readily follow known methods for isolating proteins in 
order to obtain the polypeptide free of natural contaminants. These include, but are not 
limited to: immunochromotography, size-exclusion chromatography, ion-exchange 
chromatography, hydrophobic interaction chromatography, and non-chromatographic 

1 5 separation methods . 

In a preferred embodiment, the purification procedures comprise ion-exchange 
chromatography and size exclusion chromatography. Any of a large number of 
ion-exchange resins known in the art can be employed, including, for example, monoQ, 
Sepharose-Q, macro-prepQ, AG1-X2, or HQ, Examples of suitable size exclusion 

20 resins include, but are not limited to, Superdex 200, Superose 12, and Sephycryl 200. 
Elution can be achieved with aqueous solutions of potassium chloride or sodium 
chloride at concentrations ranging from 0.01M to 2.0M over a wide range of pH. 

EL A Nucleic Acid Probe for the Specific Detection of Torsin Nucleic Acid. 

In another embodiment, the present invention relates to a nucleic acid probe for 
25 the specific detection of the presence of torsin nucleic acid in a sample comprising the 
above-described nucleic acid molecules or at least a fragment thereof which hybridizes 
under stringent hybridization and wash conditions to torsin nucleic acid. 
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In one preferred embodiment, the present invention relates to an isolated nucleic 
acid probe consisting of 10 to 1000 nucleotides (preferably, 10 to 500, 10 to 100, 10 to 
50, 10 to 35, 20 to 1000, 20 to 500, 20 to 100, 20 to 50, or 20 to 35) which hybridizes 
preferentially to torsin RNA or DNA, wherein said nucleic acid probe is or is 
5 complementary to a nucleotide sequence consisting of at least 10 consecutive 
nucleotides (preferably, 15, 18, 20, 25, or 30) from the nucleic acid molecule 
comprising a polynucleotide sequence at least 90% identical to one or more of the 
following: a nucleotide sequence encoding a torsin polypeptide ( for example, those 
described by SEQ ID NOS: 2 or 4); a nucleotide sequence encoding a torsin polypeptide 
10 comprising the complete amino acid sequence encoded by the polynucleotide clone 

contained in ATCC Deposit No. 98454 or 98455; a nucleotide sequence complementary 
to any of the above nucleotide sequences; and any nucleotide sequence as previously 
described above. 

Examples of specific nucleic acid probes which can be used in the present 
15 invention are set forth in Table 3 and in Figures 12 and 12B and Figures 14-21. 
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TorsinA 

5 



TorsinB 

10 



1 5 The nucleic acid probe can be used to probe an appropriate chromosomal or 

cDNA library by usual hybridization methods to obtain another nucleic acid molecule 
of the present invention. A chromosomal DNA or cDNA library can be prepared from 
appropriate cells according to recognized methods in the art (Sambrook, J., Fritsch, E. 
F., and Maniatis, T., 1989, In: Molecular Cloning. A Laboratory Manual, Cold Spring 

20 Harbor Laboratory Press, Cold Spring Harbor). 

In the alternative, chemical synthesis is carried out in order to obtain nucleic 
acid probes having nucleotide sequences which correspond to N-terminal and 
C-terminal portions of the torsin amino acid sequence (Table 3). Thus, the synthesized 
nucleic acid probes can be used as primers in a polymerase chain reaction (PCR) carried 

25 out in accordance with recognized PCR techniques (PCR Protocols, A Guide to 

Methods and Applications, edited by Michael et al, Academic Press, 1990), utilizing 
the appropriate chromosomal, cDNA or cell line library to obtain the fragment of the 
present invention. 



TABLE 3: NUCLEIC ACID PROBES 



Size (no. of bases) 


Nucleotides 


20 


43-62 (SEQ ID NO: 5) 


20 


63-82 (SEQ ED NO: 5) 


40 


43-82 (SEQ ID NO: 5) 


100 


43-142 (SEQ ID NO: 5) 


100 


143-242 (SEQ ID NO: 5) 


1 1 c o 

1 158 


149-1307 (SEQ ID NO: 5) 


20 


994-1013 (SEQ ID NO: 3) 


20 


1014-1033 (SEQ ID NO: 3) 


40 


994-1033 (SEQ ID NO: 3) 


100 


994-1093 (SEQ ID NO: 3) 


100 


1094-1193 (SEQ ID NO: 3) 


700 


28-728 (SEQ ID NO: 6) 
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One skilled in the art can readily design such probes based on the sequence 
disclosed herein using methods of computer alignment and sequence analysis known in 
the art (Sambrook, J., Fritsch, E. R, and Maniatis, T., 1989, In: Molecular Cloning. A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor). 
5 The hybridization probes of the present invention can be labeled for detection by 

standard labeling techniques such as with a radiolabeling, fluorescent labeling, 
biotin-avidin labeling, chemiluminescence, and the like. After hybridization, the probes 
can be visualized using known methods. 

The nucleic acid probes of the present invention include RNA, as well as DNA 
1 0 probes, such probes being generated using techniques known in the art. 

In one embodiment of the above described method, a nucleic acid probe is 
immobilized on a solid support. Examples of such solid supports include, but are not 
limited to, plastics such as polycarbonate, complex carbohydrates such as agarose and 
sepharose, and acrylic resins such as polyacrylamide and latex beads. Techniques for 
1 5 coupling nucleic acid probes to such solid supports are well known in the art. 

The test samples suitable for nucleic acid probing methods of the present 
invention include, for example, cells or nucleic acid extracts of cells, or biological 
fluids. The sample used in the described methods will vary based on the assay format, 
the detection method and the nature of the tissues, cells or extracts used in the assay. 
20 Methods for preparing nucleic acid extracts of cells are well known in the art and can be 
readily adapted in order to obtain a sample which is compatible with the method 
utilized. 

IV. A Method of Detecting The Presence of Torsin Nucleic Acid in a Sample. 

In another embodiment, the present invention relates to a method of detecting 
25 the presence of torsin nucleic acid in a sample by contacting the sample with the 

above-described nucleic acid probe, under specific hybridization conditions such that 
hybridization occurs, and detecting the presence of the probe bound to the nucleic acid 
molecule. One skilled in the art would select the nucleic acid probe according to 
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techniques known in the art as described above. Samples to be tested include but 
should not be limited to RNA or DNA samples from human tissue. 

V. A Kit for Detecting the Presence of Torsin Nucleic Acid in a Sample. 

In another embodiment, the present invention relates to a kit for detecting, in a 
5 sample, the presence of a torsin nucleic acid. The kit comprises at least one container 
having disposed therein the above-described nucleic acid probe. In a preferred 
embodiment, the kit further comprises other containers comprising wash reagents 
and/or reagents capable of detecting the presence of the hybridized nucleic acid probe. 
Examples of detection reagents include, but are not limited to radiolabeled probes, 

10 enzymatic probes (horseradish peroxidase, alkaline phosphatase), and affinity labeled 
probes (biotin, avidin, or streptavidin). 

In detail, a compartmentalized kit includes any kit in which reagents are 
contained in separate containers. Such containers include small glass containers, plastic 
containers or strips of plastic or paper. Such containers allow the efficient transfer of 

15 reagents from one compartment to another compartment such that the samples and 

reagents are not cross-contaminated and the agents or solutions of each container can be 
added in a quantitative fashion from one compartment to another. Such containers will 
include a container which will accept the test sample, a container which contains the 
probe or primers used in the assay, containers which contain wash reagents (such as 

20 phosphate buffered saline, Tris buffers, and the like), and containers which contain the 
reagents used to detect the hybridized probe, bound antibody, amplified product, or the 
like. 

One skilled in the art will readily recognize that the nucleic acid probes 
described in the present invention can readily be incorporated into one of the 
25 established kit formats which are well known in the art. 



DNA Constructs Comprising a Torsin Nucleic Acid Molecule and Cells 
Containing These Constructs. 
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In another embodiment, the present invention relates to a recombinant DNA 
molecule comprising, 5' to 3', a promoter effective to initiate transcription in a host cell 
and the above-described nucleic acid molecules. In another embodiment, the present 
invention relates to a recombinant DNA molecule comprising a vector and an 
5 above-described nucleic acid molecule. 

In another embodiment, the present invention relates to a nucleic acid molecule 
comprising a transcriptional control region functional in a cell, a sequence 
complementary to an RNA sequence encoding an amino acid sequence corresponding 
to the above-described polypeptide, and a transcriptional termination region functional 
10 in the cell. 

Preferably, the above-described molecules are isolated and/or purified DNA 
molecules. 

In another embodiment, the present invention relates to a cell or non-human 
organism that contains an above-described nucleic acid molecule. 

1 5 hi another embodiment, the peptide is purified from cells which have been 

altered to express the peptide. 

As used herein, a cell is said to be "altered to express a desired peptide" when 
the cell, through genetic manipulation, is made to produce a protein which it normally 
does not produce or which the cell normally produces at low levels. One skilled in the 

20 art can readily adapt procedures for introducing and expressing either genomic, cDNA, 
or synthetic sequences into either eukaryotic or prokaryotic cells. 

A nucleic acid molecule, such as DNA, is said to be "capable of expressing" a 
polypeptide if it contains nucleotide sequences which contain transcriptional and 
translational regulatory information and such sequences are "operably linked" to 

25 nucleotide sequences which encode the polypeptide. An operable linkage is a linkage 
in which the regulatory DNA sequences and the DNA sequence sought to be expressed 
are connected in such a way as to permit gene expression. The precise nature of the 
regulatory regions needed for gene expression can vary from organism to organism, but 
shall in general include a promoter region which, in prokaryotes for example, contains 
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both the promoter, which directs the initiation of RNA transcription, as well as the 
DNA sequences that, when transcribed into RNA, will signal translational initiation. 
Such regions will normally include those 5' non-coding sequences involved with 
initiation of transcription and translation, such as the TATA box, capping sequence, 
CAAT sequence, and the like. 

If desired, the non-coding region 3' to the torsin coding sequence can be 
obtained by the above-described methods. This region can be retained for its 
transcriptional termination regulatory sequences, such as termination and 
polyadenylation signals. Thus, by retaining the 3' region naturally contiguous to the 
DNA sequence encoding a torsin gene, the transcriptional termination signals are 
provided. Where the transcriptional termination signals are not functional in the 
expression host cell, then a functional 3' region derived from host sequences can be 
substituted. 

Two DNA sequences (such as a promoter region sequence and an torsin coding 
sequence) are said to be operably linked if the nature of the linkage between the two 
DNA sequences does not (1) result in the introduction of a frameshift mutation, (2) 
interfere with the ability of the promoter region to direct the transcription of a torsin 
coding sequence , or (3) interfere with the ability of the torsin coding sequence to be 
transcribed by the promoter. Thus, a promoter region would be operably linked to a 
DNA sequence if the promoter were capable of effecting transcription of that DNA 
sequence. 

The present invention encompasses the expression of the torsin coding sequence 
(or a functional derivative thereof) in either prokaryotic or eukaryotic cells. Prokaryotic 
hosts are, generally, the most efficient and convenient for the production of 
recombinant proteins. Prokaryotes most frequently are represented by various strains of 
E. coli, however other microbial strains can also be used, including other bacterial 
strains such as those belonging to bacterial families such as Bacillus, Streptomyces, 
Pseudomonas, Salmonella, Serratia, and the like. In prokaryotic systems, plasmid 
vectors that contain replication sites and control sequences derived from a species 
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compatible with the host can be used. Examples of suitable plasmid vectors include 
pBR322, pUC18, pUC19, pUCl 18, pUCl 19 and the like; suitable phage or 
bacteriophage vectors include AgtlO, Agtll and the like. For eukaryotic expression 
systems, suitable viral vectors include pMAM-neo, pKRC and the like. Preferably, the 
5 selected vector of the present invention has the capacity to replicate in the selected host 
cell. 

To express torsin in a prokaryotic cell, it is necessary to operably link the torsin 
coding sequence to a functional prokaryotic promoter. Such promoters can be either 
constitutive or, more preferably, regulatable (i.e., inducible or derepressible). Examples 

1 0 of constitutive promoters include the in promoter of bacteriophage X, the bla promoter 
of the p-lactamase gene, and the CAT promoter of the chloramphenicol acetyl 
transferase gene, and the like. Examples of inducible prokaryotic promoters include the 
major right and left promoters of bacteriophage X (P L and PJ, the trp, recA, lacZ lad, 
and gal promoters of E. coli, the a-amylase (Ulmanen et al., 1985, 1 Bacteriol 

15 1 62: 1 76- 1 82) and the £-28-specific promoters of B. subtilis (Gilman et al. , 1 984, Gene 
sequence 32:1 1-20), the promoters of the bacteriophages of B. subtilis (Gryczan, In: The 
Molecular Biology of the Bacilli, Academic Press, Inc., NY (1982)), and Streptomyces 
promoters (Ward, etaL, 1986, Mol Gen. Genet 203:468-478). 

Proper expression in a prokaryotic cell also requires the presence of a ribosome 

20 binding site upstream of the gene sequence-encoding sequence (Gold et al, 1981, Ann. 
Rev. Microbiol. 35:365-404). 

The selection of control sequences, expression vectors, transformation methods, 
and the like, is dependent on the type of host cell used to express the gene. The terms 
"transformants" or "transformed cells" include the primary subject cell and cultures 

25 derived therefrom, without regard to the number of transfers. It is also understood that 
all progeny cannot be precisely identical in DNA content, due to deliberate or 
inadvertent mutations. However, as defined, mutant progeny have the same 
functionality as that of the originally transformed cell 
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Host cells which can be used in the expression systems of the present invention 
are not strictly limited, provided that they are suitable for use in the expression of the 
torsin peptide of interest. Suitable hosts include eukaryotic cells. Preferred eukaryotic 
hosts include, for example, yeast, fungi, insect cells, mammalian cells either in vivo, or 
5 in tissue culture. Preferred mammalian cells include HeLa cells, cells of fibroblast 
origin such as VERO or CHO-K1, or cells of lymphoid origin and their derivatives. 

In addition, plant cells are also available as hosts, and control sequences 
compatible with plant cells, such as the cauliflower mosaic virus 35S and 19S, nopaline 
synthase promoter and polyadenylation signal sequences are available. 

1 0 Another preferred host is an insect cell, for example Drosophila melanogaster 

larvae. Using insect cells as hosts, the Drosophila alcohol dehydrogenase promoter can 
be used (Rubin, 1988, Science. 240:1453-1459). Alternatively, baculovirus vectors can 
be engineered to express large amounts of torsin protein in insect cells (Jasny, 1987, 
Science. 238:1653; Miller et aL, In: Genetic Engineering (1986), Setlow, J. K., et aL, 

15 Eds., Plenum, Vol. 8, pp. 277-297). 

Different host cells have characteristic and specific mechanisms for the 
translational and post-translational processing and modification (e.g., glycosylation and 
cleavage) of proteins. Appropriate cell lines or host systems can be chosen to ensure 
the desired modification of the foreign protein expressed. 

20 Any of a series of yeast gene expression systems can be utilized which 

incorporate promoter and termination elements from the actively expressed gene 
sequences coding for glycolytic enzymes. These enzymes are produced in large 
quantities when yeast are grown in mediums rich in glucose. Known glycolytic gene 
sequences can also provide very efficient transcriptional control signals. 

25 Yeast provides substantial advantages over prokaryotes in that it can perform 

post-translational peptide modifications. A number of recombinant DNA strategies 
exist which utilize strong promoter sequences and high copy number of plasmids which 
can be utilized for production of the desired proteins in yeast. Yeast recognizes leader 
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sequences on cloned mammalian gene products and secretes peptides bearing leader 
sequences (i.e., pre-peptides). 

For a mammalian host, several possible vector systems are available for the 
expression of torsin. A wide variety of transcriptional and translational regulatory 
sequences can be employed, depending upon the nature of the host. The transcriptional 
and translational regulatory signals can be derived from viral sources, such as 
adenovirus, bovine papilloma virus, simian virus, or the like, where the regulatory 
signals are associated with a particular gene which has a high level of expression. 
Alternatively, promoters from mammalian expression products, such as actin, collagen, 
myosin, and the like, can be employed. Transcriptional initiation regulatory signals can 
be selected which allow for repression or activation, so that expression of the gene 
sequences can be modulated. Of interest are regulatory signals which are 
temperature-sensitive so that by varying the temperature, expression can be repressed or 
initiated, or are subject to chemical (such as metabolite) regulation. 

Expression of torsin in eukaryotic hosts requires the use of eukaryotic regulatory 
regions. Such regions will, in general, include a promoter region sufficient to direct the 
initiation of RNA synthesis. Preferred eukaryotic promoters include, for example, the 
promoter of the mouse metallothionein I gene sequence (Hamer, et al, 1982, Mol 
Appl. Gen. 1:273-288); the TK promoter of herpes virus (McKnight, 1982, Cell. 
31:355-365); the SV40 early promoter (Benoist, et al, 1981, Nature. 290:304-310); the 
yeast gal4 gene promoter (Johnston, et al, 1982, Proc. Natl. Acad Sci. USA 
79:6971-6975; Silver, et al, 1984, Proc. Natl. Acad. Sci. USA 81:595 1 5955) and the 
CMV immediate-early gene promoter (Thomsen, et al, 1984, Proc. Natl. Acad. Sci. 
USA 81:659-663). 

As is widely known, translation of eukaryotic mRNA is initiated at a codon 
which encodes methionine. For this reason, it is preferable to ensure that the linkage 
between a eukaryotic promoter and a torsin coding sequence does not contain any 
intervening codons which are capable of encoding a methionine (i.e., AUG). The 
presence of such codons results either in a formation of a fusion protein (if the AUG 
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codon is in the same reading frame as the torsin coding sequence) or a frame-shift 
mutation (if the AUG codon is not in the same reading frame as the torsin coding 
sequence). 

A torsin nucleic acid molecule and an operably linked promoter can be 
5 introduced into a recipient prokaryotic or eukaryotic cell either as a non-replicating 
DNA (or RNA) molecule, which can either be a linear molecule or, more preferably, a 
closed covalent circular molecule. Since such molecules are incapable of autonomous 
replication, the expression of the gene can occur through the transient expression of the 
introduced sequence. Alternatively, permanent expression can occur through the 

10 integration of the introduced DNA sequence into the host chromosome. 

In one embodiment, a vector is employed which is capable of integrating the 
desired gene sequences into the host cell chromosome. Cells which have stably 
integrated the introduced DNA into their chromosomes can be selected on the basis of 
one or more markers which allow for selection of host cells which contain the 

1 5 expression vector. Such markers can provide, for example, for autotrophy to an 
auxotrophic host or for biocide resistance, e.g., to antibiotics or to heavy metal 
poisoning, such as by copper, or the like. The selectable marker gene sequence can 
either be contained on the vector of the DNA gene to be expressed, or introduced into 
the same cell by co-transfection. Additional elements might also be necessary for 

20 optimal synthesis of mRNA. These elements can include splice signals, as well as 
transcription promoters, enhancer signal sequences, and termination signals. cDNA 
expression vectors incorporating such elements have been described (Okayama, 1983, 
Molec, Cell Biol 3:280). 

In a preferred embodiment, the introduced nucleic acid molecule will be 

25 incorporated into a plasmid or viral vector capable of autonomous replication in the 
recipient host. Any of a wide variety of vectors can be employed for this purpose. 
Factors of importance in selecting a particular plasmid or viral vector include: the ease 
with which recipient cells that contain the vector can be recognized and selected from 
those recipient cells that do not contain the vector; the desired number of copies of the 
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vector present in the host cell; and the ability to "shuttle" the vector between host cells 
of different species, i.e., between mammalian cells and bacteria. Preferred prokaryotic 
vectors include plasmids such as those capable of replication in E. coli (for example, 
pBR322, ColEl, pSClOl, pACYC 184, and ttVX). Such plasmids are commonly 
5 known to those of skill in the art (Sambrook, J., Fritsch, E.F., and Maniatis, T. ? 1989, 
In: Molecular Cloning. A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor). B. subtilis derived plasmids include pC194, pC221, pTI27, and 
the like (Gryczan, In: The Molecular Biology of the Bacilli, Academic Press, NY 
(1982), pp. 307-329). Suitable Streptomyces plasmids include pIJlOl (Kendall, et al, 

10 1987, J. Bacteriol 169:4177-4183), and streptomyces bacteriophages such as (j)C31 
(Chater, et al, In: Sixth International Symposium on Actinomycetales Biology, 
Akademiai Kaido, Budapest, Hungary (1986), pp. 45-54). Pseudomonas plasmids have 
also been described (John, et al, 1986, Rev. Infect. Dis. 8:693-704; Izaki, 1978, Jpn. J. 
Bacteriol 33:729-742). 

15 Preferred eukaryotic plasmids include, for example, BPV, vaccinia, SV40, 2\i 

circle, and the like, or their derivatives. Such plasmids are well known in the art 
(Botstein, et al 9 1982, Miami Wntr. Symp. 19:265-274; Broach, In: The Molecular 
Biology of the Yeast Saccharomyces: Life Cycle and Inheritance, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, p. 445-470 (1981); Broach, 1982, Cell 

20 28:203-204; Bollon, et al 9 1980, J. Clin. Hematol Oncol 10:39-48; Maniatis, In: Cell 
Biology: A Comprehensive Treatise, Vol. 3, Gene Sequence Expression, Academic 
Press, NY, pp. 563-608 (1980)). 

Once the vector or nucleic acid molecule containing the construct has been 
prepared for expression, the DNA construct can be introduced into an appropriate host 

25 cell by any of a variety of suitable means, i.e. , transformation, transfection, lipofection, 
conjugation, protoplast fusion, electroporation, particle gun technology, calcium 
phosphate precipitation, direct microinjection, and the like. After the introduction of 
the vector, recipient cells are grown in a selective medium that allows for selection of 
vector containing cells. Expression of the cloned gene results in the production of 
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torsin. This can take place in the transformed cells as such, or following the induction 
of these cells to differentiate (for example, by administration of bromodeoxyuracil to 
neuroblastoma cells or the like). 

VII. An Antibody Having Binding Affinity to a Torsin Polypeptide and a Hybridoma 
Containing the Antibody. 

In another embodiment, the present invention relates to an antibody having 
binding affinity specifically to a torsin polypeptide as described above or specifically to 
a torsin polypeptide binding fragment thereof. An antibody binds specifically to a 
torsin polypeptide or binding fragment thereof if it does not bind to non-torsin 
polypeptides. Those which bind selectively to torsin would be chosen for use in 
methods which could include, but should not be limited to, the analysis of altered torsin 
expression in tissue containing torsin. 

The torsin proteins of the present invention can be used in a variety of 
procedures and methods, such as for the generation of antibodies, for use in identifying 
pharmaceutical compositions, and for studying DNA/protein interaction. 

The torsin peptide of the present invention can be used to produce antibodies or 
hybridomas. One skilled in the art will recognize that if an antibody is desired, such a 
peptide would be generated as described herein and used as an immunogen. 

The antibodies of the present invention include monoclonal and polyclonal 
antibodies, as well as fragments of these antibodies. The invention further includes 
single chain antibodies. Antibody fragments which contain the idiotype of the molecule 
can be generated by known techniques. For example, such fragments include but are 
not limited to: the F(ab') 2 fragment; the Fab' fragments, Fab fragments, and Fv 
fragments. 

Of special interest to the present invention are antibodies to torsin which are 
produced in humans, or are "humanized" {i.e., non-immunogenic in a human) by 
recombinant or other technology. Humanized antibodies can be produced, for example 
by replacing an immunogenic portion of an antibody with a corresponding, but 
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non-immunogenic portion (i.e., chimeric antibodies (Robinson, R.R., et aL, 
International Patent Publication PCT/US86/02269; Akira, K., et aL, European Patent 
Application 184,187; Taniguchi, M., European Patent Application 171,496; Morrison, 
S.L., et aL, European Patent Application 173,494; Neuberger, M.S., et aL, PCT 
5 Application WO 86/01533; Cabilly, S., et aL, European Patent Application 125,023; 
Better, M., et aL, 1988, Science. 240:1041-1043; Liu, A.Y., et aL, 1987, Proc. Natl. 
Acad. Sci. USA. 84:3439-3443; Liu, A.Y., et aL, 1987,7. Immunol. 139:3521-3526; 
Sun, L.K., et aL, 1987, Proc. Natl. Acad. Sci. USA 84:214-218; Nishimura, Y., et aL, 

1987, Cane. Res. 47:999-1005; Wood, C.R., etal., 1985, Nature. 314:446-449); Shaw, 
10 et aL, 1988, J. Natl Cancer Inst. 80:1553-1559) and "humanized" chimeric antibodies 

(Morrison, S.L., 1985, Science. 229:1202-1207; Oi, V.T., et aL, 1986, BioTechniques 
4:214)). Suitable "humanized" antibodies can be alternatively produced by CDR or 
CEA substitution (Jones, P.T., et aL, 1986, Nature. 321:552-525; Verhoeyan, et aL, 

1988, Science. 239:1534; Beidler, C.B., etal, 1988,/. Immunol 141:4053-4060). 
15 In another embodiment, the present invention relates to a hybridoma which 

produces the above-described monoclonal antibody. A hybridoma is an immortalized 
cell line which is capable of secreting a specific monoclonal antibody. 

In general, techniques for preparing monoclonal antibodies and hybridomas are 
well known in the art (Campbell, "Monoclonal Antibody Technology: Laboratory 
20 Techniques in Biochemistry and Molecular Biology'' Elsevier Science Publishers, 
Amsterdam, The Netherlands (1984); St. Groth, et aL, 1980, J. Immunol Methods. 
35:1-21). 

The inventive methods utilize antibodies reactive with torsinA or portions 
thereof. In a preferred embodiment, the antibodies specifically bind with torsinA or a 
25 portion or fragment thereof. The antibodies can be polyclonal or monoclonal, and the 
term antibody is intended to encompass polyclonal and monoclonal antibodies, and 
functional fragments thereof. The terms polyclonal and monoclonal refer to the degree 
of homogeneity of an antibody preparation, and are not intended to be limited to 
particular methods of production. 
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Any animal (mouse, rabbit, and the like) which is known to produce antibodies 
can be immunized with the selected polypeptide. Methods for immunization are well 
known in the art. Such methods include subcutaneous or intraperitoneal injection of the 
polypeptide. One skilled in the art will recognize that the amount of polypeptide used 
for immunization will vary based on the animal which is immunized, the antigenicity of 
the polypeptide and the site of injection. 

The polypeptide can be modified or administered in an adjuvant in order to 
increase the peptide antigenicity. Methods of increasing the antigenicity of a 
polypeptide are well known in the art. Such procedures include coupling the antigen 
with a heterologous protein (such as globulin or P-galactosidase) or through the 
inclusion of an adjuvant during immunization. 

For monoclonal antibodies, spleen cells from the immunized animals are 
removed, fused with myeloma cells, and allowed to become monoclonal antibody 
producing hybridoma cells. 

Any one of a number of methods well known in the art can be used to identify 
the hybridoma cell which produces an antibody with the desired characteristics. These 
include screening the hybridomas by an ELISA assay, Western blot analysis, or 
radioimmunoassay (Lutz, ef al, 1988, Exp. Cell Res. 175:109-124). 

Hybridomas secreting the desired antibodies are cloned and the class and 
subclass is determined using procedures known in the art (Campbell, In: Monoclonal 
Antibody Technology: Laboratory Techniques in Biochemistry and Molecular Biology, 
supra (1984)). 

For polyclonal antibodies, antibody containing antisera is isolated from the 
immunized animal and is screened for the presence of antibodies with the desired 
specificity using one of the above-described procedures. 

In another embodiment of the present invention, the above-described antibodies 
are detectably labeled. Antibodies can be detectably labeled through the use of 
radioisotopes, affinity labels (such as biotin, avidin, and the like), enzymatic labels 
(such as horse radish peroxidase, alkaline phosphatase, and the like) fluorescent labels 
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(such as FITC or rhodamine, and the like), paramagnetic atoms, and the like. 
Procedures for accomplishing such labeling are well-known in the art (Stemberger, et 
al, 1970, J. Histochem. Cytochem. 18:315; Bayer, etal, 1979, Meth. Enzym. 62:308; 
Engval, etal, 1972, Immunol 109:129; Goding, 1976, J. Immunol. Meth. 13:215). The 
5 labeled antibodies of the present invention can be used for in vitro, in vivo, and in situ 
assays to identify cells or tissues which express a specific peptide. 

In another embodiment of the present invention the above-described antibodies 
are immobilized on a solid support. Examples of such solid supports include plastics 
such as polycarbonate, complex carbohydrates such as agarose and sepharose, acrylic 

10 resins and such as polyacrylamide and latex beads. Techniques for coupling antibodies 
to such solid supports are well known in the art (Weir, et al , In: "Handbook of 
Experimental Immunology," 4th Ed., Blackwell Scientific Publications, Oxford, 
England, Chapter 10 (1986); Jacoby, et al, 1974, Meth. Enzym. Vol. 34. Academic 
Press, N.Y.). The immobilized antibodies of the present invention can be used for in 

15 vitro, in vivo, and in situ assays as well as in immunochromatography. 

Furthermore, one skilled in the art can readily adapt currently available 
procedures, as well as the techniques, methods and kits disclosed above with regard to 
antibodies, to generate peptides capable of binding to a specific peptide sequence in 
order to generate rationally designed antipeptide peptides (Hurby, et al, In: 

20 "Application of Synthetic Peptides: Antisense Peptides," In Synthetic Peptides, A 
User's Guide, W.H. Freeman, NY, pp. 289-307 (1992); Kaspczak, et al, 1989, 
Biochemistry 28:9230-9238). 

Anti-peptide peptides can be generated in one of two fashions. First, the 
anti-peptide peptides can be generated by replacing the basic amino acid residues found 

25 in the torsin peptide sequence with acidic residues, while maintaining hydrophobic and 
uncharged polar groups. For example, lysine, arginine, and/or histidine residues are 
replaced with aspartic acid or glutamic acid and glutamic acid residues are replaced by 
lysine, arginine or histidine. 
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Vm. A Method of Detecting a Torsin Polypeptide or Antibody in a Sample. 

In another embodiment, the present invention relates to a method of detecting a 
torsin polypeptide in a sample, comprising: contacting the sample with an 
above-described antibody (or protein), under conditions such that immunocomplexes 
5 form, and detecting the presence of the antibody bound to the polypeptide. In detail, the 
methods comprise incubating a test sample with one or more of the antibodies of the 
present invention and assaying whether the antibody binds to the test sample. Altered 
levels of torsin in a sample as compared to normal levels can indicate a specific disease. 
In a further embodiment, the present invention relates to a method of detecting a 

10 torsin antibody in a sample, comprising: contacting the sample with an 

above-described torsin protein, under conditions such that immunocomplexes form, and 
detecting the presence of the protein bound to the antibody or antibody bound to the 
protein. In detail, the methods comprise incubating a test sample with one or more of 
the proteins of the present invention and assaying whether the antibody binds to the test 

15 sample. 

Conditions for incubating an antibody with a test sample vary. Incubation 
conditions depend on the format employed in the assay, the detection methods 
employed, and the type and nature of the antibody used in the assay. One skilled in the 
art will recognize that any one of the commonly available immunological assay formats 

20 (such as radioimmunoassays, enzyme-linked immunosorbent assays, diffusion based 
Ouchterlony, or rocket immunofluorescent assays) can readily be adapted to employ the 
antibodies of the present invention (Chard, In: An Introduction to Radioimmunoassay 
and Related Techniques, Elsevier Science Publishers, Amsterdam, The Netherlands 
(1986); Bullock, et al, In: Techniques in Immunocytochemistry, Academic Press, 

25 Orlando, FL Vol. 1(1982), Vol. 2(1983), Vol. 3(1985); Tijssen, In: Practice and 
Theory of enzyme Immunoassays: Laboratory Techniques in Biochemistry and 
Molecular Biology, Elsevier Science Publishers, Amsterdam, The Netherlands (1985)). 

The immunological assay test samples of the present invention include cells, 
protein or membrane extracts of cells, or biological fluids such as blood, serum, plasma, 
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or urine. The test sample used in the above-described method will vary based on the 
assay format, nature of the detection method and the tissues, cells or extracts used as the 
sample to be assayed. Methods for preparing protein extracts or membrane extracts of 
cells are well known in the art and can be readily be adapted in order to obtain a sample 
5 which is capable with the system utilized. 

The claimed invention utilizes several suitable assays which can measure 
dystonia proteins such as torsinA. Suitable assays encompass immunological methods, 
such as radioimmunoassay, enzyme-linked immunosorbent assays (ELISA), and 
chemiluminescence assays. Any method known now or developed later can be used for 

1 0 performing the invention and measuring torsinA. 

In several of the preferred embodiments, immunological techniques detect 
torsinA levels by means of an anti-torsinA antibody (i.e., one or more antibodies) which 
includes monoclonal and/or polyclonal antibodies, and mixtures thereof. For example, 
these immunological techniques can utilize mixtures of polyclonal and/or monoclonal 

15 antibodies, such as a cocktail of murine monoclonal and rabbit polyclonal. 

One of skill in the art can raise anti-torsin antibodies against an appropriate 
immunogen, such as isolated and/or recombinant torsinA or a portion or fragment 
thereof (including synthetic molecules, such as synthetic peptides). In one embodiment, 
antibodies are raised against an isolated and/or recombinant torsinA or a portion or 

20 fragment thereof (e.g. , a peptide) or against a host cell which expresses recombinant 
torsin. In addition, cells expressing recombinant torsinA, such as transfected cells, can 
be used as immunogens or in a screen for antibodies which bind torsinA. 

Any suitable technique can prepare the immunizing antigen and produce 
polyclonal or monoclonal antibodies. The prior art contains a variety of these methods 

25 (Kohler, et al 9 1975, Nature. 256:495-497; Kohler, et al 9 1976, Eur. J. Immunol 

6:511-519; Milstein, et al 9 1977, Nature. 266:550-552; Koprowski, et al 9 U.S. Patent 
No.: 4,172,124; Harlow, etal, In: Antibodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory: Cold Spring Harbor, NY (1988)). Generally, fusing a suitable 
immortal or myeloma cell line, such as SP2/0, with antibody producing cells can 
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produce a hybridoma. Animals immunized with the antigen of interest provide the 
antibody producing cell, preferably cells from the spleen or lymph nodes. Selective 
culture conditions isolate antibody producing hybridoma cells while limiting dilution 
techniques produce well established art recognized assays such as ELISA, RIA and 
5 Western blotting can be used to select antibody producing cells with the desired 
specificity. 

Other suitable methods can produce or isolate antibodies of the requisite 
specificity. Examples of other methods include selecting recombinant antibody from a 
library or relying upon immunization of transgenic animals such as mice which are 
10 capable of producing a full repertoire of human antibodies (Jakobovits, et aL, 1993, 
Proc. Natl. Acad. ScL USA 90:2551-2555; Jakobovits, et aL, 1993, Nature. 362:255- 
258; Lonbert, et aL, U.S. Patent No.: 5,545,806; Surani, et aL, U.S. Patent No.: 
5,545,807). 

According to the method, an assay can determine the level or concentration of 
15 torsinA in a biological sample. In determining the amounts of torsinA, an assay 
includes combining the sample to be tested with an antibody having specificity for 
torsinA, under conditions suitable for formation of a complex between antibody and 
torsinA, and detecting or measuring (directly or indirectly) the formation of a complex. 
The sample can be obtained and prepared by a method suitable for the particular sample 
20 (e.g., whole blood, tissue extracts, serum) and assay format selected. For example, 
suitable methods for whole blood collection are venipuncture or obtaining blood from 
an indwelling arterial line. The container to collect the blood can contain an anti- 
coagulant such as CACD-A, heparin, or EDTA. Methods of combining sample and 
antibody, and methods of detecting complex formation are also selected to be 
25 compatible with the assay format. Suitable labels can be detected directly, such as 

radioactive, fluorescent or chemiluminescent labels; or indirectly detected using labels 
such as enzyme labels and other antigenic or specific binding partners like biotin and 
colloidal gold. Examples of such labels include fluorescent labels such as fluorescein, 
rhodamine, CY5, APC, chemiluminescent labels such as luciferase, radioisotope labels 
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such as 32 P, 125 I, 131 I, enzyme labels such as horseradish peroxidase, and alkaline 
phosphatase, p-galactosidase, biotin, avidin, spin labels and the like. The detection of 
antibodies in a complex can also be done immunologically with a second antibody 
which is then detected. Conventional methods or other suitable methods can directly or 
5 indirectly label an antibody. 

IX. A Diagnostic Kit Comprising Torsin Protein or Antibody. 

In another embodiment of the present invention, a kit is provided for diagnosing 
the presence or absence of a dystonia; or the likelihood of developing a dystonia in a 
mammal which contains all the necessary reagents to carry out the previously described 
1 0 methods of detection. 

For example, the kit can comprise a first container means containing an above 
described antibody, and a second container means containing a conjugate comprising a 
binding partner of the antibody and a label. 

The kit can also comprise a first container means containing an above described 
1 5 protein, and preferably and a second container means containing a conjugate comprising 
a binding partner of the protein and a label More specifically, a diagnostic kit 
comprises torsin protein as described above, to detect antibodies in the serum of 
potentially infected animals or humans. 

In another preferred embodiment, the kit further comprises one or more other 
20 containers comprising one or more of the following: wash reagents and reagents 

capable of detecting the presence of bound antibodies. Examples of detection reagents 
include, but are not limited to, labeled secondary antibodies, or in the alternative, if the 
primary antibody is labeled, the chromophoric, enzymatic, or antibody binding reagents 
which are capable of reacting with the labeled antibody. The compartmentalized kit can 
25 be as described above for nucleic acid probe kits. The kit can be, for example, a RIA 
kit or an ELIS A kit. 
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One skilled in the art will readily recognize that the antibodies described in the 
present invention can readily be incorporated into one of the established kit formats 
which are well known in the art. 

X. Diagnostic Screening and Treatment. 
5 It is to be understood that although the following discussion is specifically 

directed to human patients, the teachings are also applicable to any mammal that 
expresses a dystonia protein, such as torsinA or torsinB. The term "mammalian," as 
defined herein, refers to any vertebrate animal, including monotremes, marsupials and 
placental, that suckle their young and either give birth to living young (eutherian or 
1 0 placental mammals) or are egg-laying (metatherian or non-placental mammals). 
Examples of mammalian species include primates (e.g., humans, monkeys, 
chimpanzees, baboons), rodents (e.g., rats, mice, guinea pigs, hamsters) and ruminants 
(e.g., cows, horses). 

The diagnostic and screening methods of the present invention encompass 
1 5 detecting the presence, or absence of, a mutation in a gene wherein the mutation in the 
gene results in a neuronal disease in a human. For example, the diagnostic and 
screening methods of the present invention are especially useful for diagnosing the 
presence or absence of a mutation or polymorphism in a neuronal gene in a human 
patient, suspected of being at risk for developing a disease associated with an altered 
20 expression level of torsin based on family history, or a patient in which it is desired to 
diagnose a torsin-related disease. 

Preferably, nucleic acid diagnosis is used as a means of differential diagnosis of 
various forms of a torsion dystonia such as early-onset generalized dystonia; late-onset 
generalized dystonia; or any form of genetic, environmental, primary or secondary 
25 dystonia. This information is then used in genetic counseling and in classifying patients 
with respect to individualized therapeutic strategies. 
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According to the invention, presymptomatic screening of an individual in need 
of such screening is now possible using DNA encoding the torsin protein of the 
invention. The screening method of the invention allows a presymptomatic diagnosis, 
including prenatal diagnosis, of the presence of a missing or aberrant torsin gene in 
5 individuals, and thus an opinion concerning the likelihood that such individual would 
develop or has developed a torsin-associated disease. This is especially valuable for the 
identification of carriers of altered or missing torsin genes, for example, from 
individuals with a family history of a torsin-associated disease. Early diagnosis is also 
desired to maximize appropriate timely intervention. 

10 Identification of gene carriers prior to onset of symptoms allows evaluation of 

genetic and environmental factors that trigger onset of symptoms. Modifying genetic 
factors could include polymorphic variations in torsin proteins (specifically, torsinA) or 
mutations in related or associated proteins; environmental factors include sensory 
overload to the part of body subserved by susceptible neurons, such as that caused by 

15 overuse or trauma (Gasser, T., ef al., 1996, Mov Disord. 11:163-166); high body 
temperature; or exposure to toxic agents. 

In one embodiment of the diagnostic method of screening, a test sample 
comprising a bodily fluid (e.g., blood, saliva, amniotic fluid) or a tissue (e.g., neuronal, 
chorionic villous) sample would be taken from such individual and screened for (1) the 

20 presence or absence of the "normal" torsin gene; (2) the presence or absence of torsin 
mRNA and/or (3) the presence or absence of torsin protein. The normal human gene 
can be characterized based upon, for example, detection of restriction digestion patterns 
in "normal" versus the patients DNA, including RFLP, PCR, Southern blot, Northern 
blot and nucleic acid sequence analysis, using DNA probes prepared against the torsin 

25 sequence (or a functional fragment thereof) taught in the invention. In one embodiment 
the torsin sequence is the DYT1 sequence (SEQ ID NO: 1). In another embodiment the 
presence or absence of three nucleotides is indicative of a negative or positive 
diagnosis, respectively, of a torsion dystonia, hi yet another aspect of the invention the 
presence or absence of an A and two Gs from a GAGGAG region of SEQ ID NO: 5 
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which results in GAG nucleotides remaining in the gene, is indicative of a negative or 
positive diagnosis, prognosis or likelihood of developing a torsion dystonia. For 
example, the presence or absence of nucleotides at positions 946-948; 947-949; 948- 
950; or 949-951, of SEQ ID NO: 5 are indicative of a negative or positive diagnosis, 
respectively. Similarly, torsin mRNA can be characterized and compared to normal 
torsin mRNA (a) levels and/or (b) size as found in a human population not at risk of 
developing torsin-associated disease using similar probes. Additionally or alternatively, 
nucleic acids can be sequenced to determine the presence or absence of a "normal" 
torsin gene. Nucleic acids can be DNA (e.g., cDNA or genomic DNA) or RNA. 

Lastly, torsin protein can be (a) detected and/or (b) quantitated using a 
biological assay for torsin activity or using an immunological assay and torsin 
antibodies. When assaying torsin protein, the immunological assay is preferred for its 
speed. In one embodiment of the invention the torsin protein is torsinA (SEQ JD NO: 
2) or a protein encoded by SEQ ID NO: 1. An (1) aberrant torsin DNA size pattern, 
and/or (2) aberrant torsin mRNA sizes or levels and/or (3) aberrant torsin protein levels 
would indicate that the patient is at risk for developing a torsin-associated disease. 

Mutations associated with a dystonia disorder include any mutation in a dystonia 
gene, such as DYT1. The mutations can be the deletion or addition of at least one 
nucleotide in the coding or noncoding region, of the DYT1 gene which result in a 
change in a single amino acid or in a frame shift mutation. 

Mutations associated with a torsion dystonia also include a deletion of three 
nucleotides of the DYT1 gene, specifically the deletion of nucleotides 946-948; 949- 
951; 947-949; 948-950 or any combination thereof from a GAGGAG region of SEQ ID 
NO: 5. 

In one method of diagnosing the presence or absence of a dystonia disorder, 
hybridization methods, such as Southern analysis, are used (Ausubel, et al, In: Current 
Protocols in Molecular Biology, John Wiley & Sons, (1998)). Test samples suitable for 
use in the present invention encompass any sample containing nucleic acids, either 
DNA or RNA. For example, a test sample of genomic DNA is obtained from a human 
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suspected of having (or carrying a defect for) the dystonia disorder. The test sample can 
be from any source which contains genomic DNA, such as a bodily fluid or tissue 
sample. In one embodiment, the test sample of DNA is obtained from bodily fluids 
such as blood, saliva, semen, vaginal secretions, cerebrospinal and amniotic bodily fluid 
5 samples. In another embodiment, the test sample of DNA is obtained from tissue such 
as chorionic villous, neuronal, epithelial, muscular and connective tissue. DNA can be 
isolated from the test samples using standard, art-recognized protocols (Breakefield, X. 
O., et aL, 1986, J. Neurogenetics. 3:159-175). The DNA sample is examined to 
determine whether a mutation associated with a dystonia disorder is present or absent. 

10 The presence or absence of a mutation or a polymorphism is indicated by hybridization 
with a neuronal gene, such as the DYT1 gene, in the genomic DNA to a nucleic acid 
probe, A nucleic acid probe is a nucleotide sequence of a neuronal gene. For example, 
the nucleic acid probe can be a region of exon 5 of the DYT1 gene SEQ ID NOS: 27-29 
or SEQ ID NOS: 30-39. Additionally or alternatively, RNA encoded by such a probe 

15 can also be used. 

To diagnose the presence or absence of a dystonia disorder by hybridization, a 
hybridization sample is formed by contacting the test sample containing a dystonia 
gene, such as DYT1 , with a nucleic acid probe. The hybridization sample is maintained 
under conditions which are sufficient to allow specific hybridization of the nucleic acid 

20 probe to the dystonia gene of interest. 

Specific hybridization can be detected under high stringency conditions. 
"Stringency conditions" for hybridization is a term of art which refers to the conditions 
of temperature and buffer concentration which permit and maintain hybridization of a 
particular nucleic acid to a second nucleic acid; the first nucleic acid may be perfectly 

25 complementary to the second, or the first and second may share some degree of 
complementarity which is less than perfect. For example, certain high stringency 
conditions can be used which distinguish perfectly complementary nucleic acids from 
those of less complementarity. "High stringency conditions" and "moderate stringency 
conditions" for nucleic acid hybridizations and subsequent washes are explained on 
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pages 2.10.1-2.10.16 and pages 6.3.1-6 in Current Protocols in Molecular Biology 
(Ausubel, et al. , In: Current Protocols in Molecular Biology, John Wiley & Sons, 
(1998)) the teachings of which are hereby incorporated by reference. The exact 
conditions which determine the stringency of hybridization depend not only on ionic 
5 strength, temperature and the concentration of destabilizing agents such as formamide, 
but also on factors such as the length of the nucleic acid sequence, base composition, 
percent mismatch between hybridizing sequences and the frequency of occurrence of 
subsets of that sequence within other non-identical sequences. Thus, high or moderate 
stringency conditions can be determined empirically. 
1 0 By varying hybridization conditions from a level of stringency at which no 

hybridization occurs to a level at which hybridization is first observed, conditions 
which will allow a given sequence to hybridize {e.g., selectively) with the most similar 
sequences in the sample can be determined. 

Exemplary conditions are described in the art (Krause, M.H., et al, 1991, 
1 5 Methods Enzymol. 200:546-556). Also, low and moderate stringency conditions for 
washes are described (Ausubel, et al, In: Current Protocols in Molecular Biology, 
John Wiley & Sons, (1998)). Washing is the step in which conditions are usually set so 
as to determine a minimum level of complementarity of the hybrids. Generally, starting 
from the lowest temperature at which only homologous hybridization occurs, each °C 
20 by which the final wash temperature is reduced (holding SSC concentration constant) 
allows an increase by 1% in the maximum extent of mismatching among the sequences 
that hybridize. Generally, doubling the concentration of SSC results in an increase in 
T m of ~17°C. Using these guidelines, the washing temperature can be determined 
empirically for high, moderate or low stringency, depending on the level of mismatch 
25 sought. 

Specific hybridization between the sample and the nucleic acid probe is then 
detected using standard methods. More than one dystonia gene {e.g., DYT1) nucleic 
acid probe can also be used concurrently in this method. Specific hybridization of any 
one of the nucleic acid probes to two alleles of the DYT1 is diagnostic of the absence 
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of the torsion dystonia whereas specific hybridization to one allele of the DYT1 gene is 
diagnostic for the presence of the torsion dystonia. 

Other hybridization methods such as Northern analysis or slot blot analysis 
(Ausubel, et aL 9 In: Current Protocols in Molecular Biology \ John Wiley & Sons, 
5 (1998)) are used to diagnose a torsion dystonia. For Northern analysis or slot blot 
analysis, a sample of RNA is obtained from the human. Specific hybridization of a 
DYT1 nucleic acid probe, as described above, to RNA from the individual is indicative 
of the presence or absence of a mutation in the DYT1 gene that is associated with 
torsion dystonia and is, therefore, diagnostic for the disorder. 

1 0 In another embodiment of the invention, deletion analysis by restriction 

digestion can be used to detect a deletion in a dystonia gene, such as the DYT1 gene, if 
the deletion in the gene results in the creation or elimination of a restriction site. For 
example, a test sample containing genomic DNA is obtained from the human. After 
digestion of the genomic DNA with an appropriate restriction enzyme, DNA fragments 

15 are separated using standard methods, and contacted with a probe specific for the DYT1 
gene {e.g., SEQ ID NOS: 28 and 29) or cDNA. The digestion pattern of the DNA 
fragments indicates the presence or absence of the mutation associated with a dystonia 
disorder. Alternatively, polymerase chain reaction (PCR) can be used to amplify the 
dystonia gene of interest, such as DYT1, (and, if necessary, the flanking sequences) in a 

20 test sample of genomic DNA from the human. Direct mutation analysis by restriction 
digestion or nucleotide sequencing is then conducted. The digestion pattern of the 
relevant DNA fragment indicates the presence or absence of the mutation associated 
with the dystonia disorder. The presence of the nucleotides GAGGAG, in the region of 
SEQ ID NO: 5, is diagnostic and predictive of the absence of a torsion dystonia, 

25 whereas the absence of a GAG, for example, in the nucleotide sequence is diagnostic 
and predictive of the presence of a torsion dystonia. It is appreciated that any other 
mutations in a torsin gene or dystonia protein would be within the scope of the 
invention and could be used in methods of diagnosing, prognosing and predicting the 
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presence or absence of a neuronal disease, for example a movement disorder, for 
example torsion dystonia. 

Allele-specific oligonucleotides can also be used to detect the presence or 
absence of a neuronal disease by detecting a deletion or a polymorphism associated 
5 with a particular disease by PCR amplification of a nucleic acid sample from a human 
with allele-specific oligonucleotide probes. An "allele-specific oligonucleotide" (also 
referred to herein as an "allele-specific oligonucleotide probe") is an oligonucleotide of 
approximately 10-300 base pairs, that specifically hybridizes to a dystonia gene, such as 
DYT1, (or gene fragment) that contains a particular mutation, such as a deletion of 
10 three nucleotides. An allele-specific oligonucleotide probe that is specific for particular 
mutation in, for example, the DYT1 gene, can be prepared, using standard methods 
(Ausubel, et ai, In: Current Protocols in Molecular Biology, John Wiley & Sons, 
(1998)). To identify mutations in the DYT1 gene associated with torsion dystonia, or 
any other neuronal disease a test sample of DNA is obtained from the human. PCR can 
15 be used to amplify all or a fragment of the DYT1 gene, and its flanking sequences. 

PCR primers comprise any sequence of a neuronal gene, for example, PCR primers can 
comprise nucleic acid sequences of an intron or exon of the DYT1 gene (SEQ ID NOS: 
27-29; SEQ ID NOS 30-39). The PCR products containing the amplified neuronal 
gene, for example a DYT1 gene (or fragment of the gene), are separated by gel 
20 electrophoresis using standard methods (Ausubel, et al, In: Current Protocols in 
Molecular Biology, John Wiley & Sons, (1998)), and fragments visualized using art- 
recognized, well-established techniques such as fluorescent imaging when fluorescently 
labeled primers are used. The presence or absence of specific DNA fragments 
indicative of the presence or absence of a mutation or a polymorphism in a neuronal 
25 gene are then detected. For example, the presence of two alleles of a specific molecular 
size is indicative of the absence of a torsion dystonia; whereas the absence of one of 
these alleles is indicative of a torsion dystonia. The samples obtained from humans and 
evaluated by the methods described herein will be compared to standard samples that 
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do and do not contain the particular mutations or polymorphism which are characteristic 
of the particular neuronal disorder (see Example 5). 

For example, a method of diagnosing the presence or predisposition to develop 
torsion dystonia in a patient is provided herein. The method comprises obtaining a 
5 sample from the human; evaluating the characteristics of torsinA nucleic acid in the 
sample, wherein the evaluation comprises detecting the GAGGAG region (SEQ ED NO: 
5 at nucleotide positions 946-951) in the sample; and diagnosing the presence or 
predisposition to develop torsion dystonia in a patient wherein the absence of GAG 
from the GAGGAG region indicates the presence or predisposition to develop torsion 
10 dystonia. 

The screening and diagnostic methods of the invention do not require that the 
entire torsin DNA coding sequence be used for the probe. Rather, it is only necessary to 
use a fragment or length of nucleic acid that is sufficient to detect the presence of the 
torsin gene in a DNA preparation from a normal or affected individual, the absence of 

1 5 such gene, or an altered physical property of such gene (such as a change in 

electrophoretic migration pattern). For example, a region of exon 5 of DYT1 nucleic 
acids of at least 15 (e.g., 20, 21, 25, 30, 35, 45 50) consecutive nucleic acids can be 
used as a probe or as the sequence for primers in PCR amplifications strategies. 

Prenatal diagnosis can be performed when desired, using any known method to 

20 obtain fetal cells, including amniocentesis, chorionic villous sampling (CVS), and 

fetoscopy. Prenatal chromosome analysis can be used to determine if the portion of the 
chromosome possessing the normal torsin gene is present in a heterozygous state. 

In the method of treating a torsin-associated disease in a patient in need of such 
treatment, functional torsin DNA can be provided to the cells of such patient in a 

25 manner and amount that permits the expression of the torsin protein provided by such 
gene, for a time and in a quantity sufficient to treat such patient. Many vector systems 
are known in the art to provide such delivery to human patients in need of a gene or 
protein missing from the cell. For example, retrovirus systems can be used, especially 
modified retrovirus systems and especially herpes simplex virus systems (Breakefield, 
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X.O., etah, 1991, New Biologist. 3:203-218; Huang, Q.,etah, 1992, Experimental 
Neurology. 115:303-316; W093/03743; W090/09441). Delivery of a DNA sequence 
encoding a functional torsin protein will effectively replace the missing or mutated 
torsin gene of the invention. 
5 In another embodiment of this invention, the torsin gene is expressed as a 

recombinant gene in a cell, so that the cells can be transplanted into a mammal, 
preferably a human in need of gene therapy. To provide gene therapy to an individual, a 
genetic sequence which encodes for all or part of the torsin gene is inserted into a vector 
and introduced into a host cell. Examples of diseases that can be suitable for gene 

10 therapy include, but are not limited to, neurodegenerative diseases or disorders, primary 
dystonia (preferably, generalized dystonia and torsion dystonia). 

Gene therapy methods can be used to transfer the torsin coding sequence of the 
invention to a patient (Chattedee and Wong, 1996, Curr. Top. Microbiol Immunol 
218:61-73; Zhang, 1996, 1 Mol Med. 74:191-204; Schmidt-Wolf and Schmidt-Wolf, 

15 1995, Hematotherapy. 4:551-561; Shaughnessy, et ah, 1996, Seminars in Oncology. 
23:159-171; Dunbar, 1996, Annu. Rev. Med. 47:11-20). 

Examples of vectors that may be used in gene therapy include, but are not 
limited to, defective retroviral, adenoviral, or other viral vectors (Mulligan, R.C., 1993, 
Science. 260:926-932). The means by which the vector carrying the gene can be 

20 introduced into the cell include but is not limited to, microinjection, electroporation, 
transduction, or transfection using DEAE-Dextran, lipofection, calcium phosphate or 
other procedures known to one skilled in the art (Sambrook, J., Fritsch, E.F., and 
Maniatis, T., 1989, In: Molecular Cloning. A Laboratory Manual., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor). 

25 The ability of antagonists and agonists of torsin to interfere or enhance the 

activity of torsin can be evaluated with cells containing torsin. An assay for torsin 
activity in cells can be used to determine the functionality of the torsin protein in the 
presence of an agent which may act as antagonist or agonist, and thus, agents that 
interfere or enhance the activity of torsin are identified. 
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The agents screened in the assays can be, but are not limited to, peptides, 
carbohydrates, vitamin derivatives, or other pharmaceutical agents. These agents can be 
selected and screened at random, by a rational selection or by design using, for 
example, protein or ligand modeling techniques (preferably, computer modeling). 
5 For random screening, agents such as peptides, carbohydrates, pharmaceutical 

agents and the like are selected at random and are assayed for their ability to bind to or 
stimulate/block the activity of the torsin protein. 

Alternatively, agents may be rationally selected or designed. As used herein, an 
agent is said to be "rationally selected or designed" when the agent is chosen based on 
1 0 the configuration of the torsin protein. 

In one embodiment, the present invention relates to a method of screening for an 
antagonist or agonist which stimulates or blocks the activity of torsin comprising 
incubating a cell expressing torsin with an agent to be tested; and assaying the cell for 
the activity of the torsin protein by measuring the agents effect on ATP binding of 
15 torsin. 

Any cell may be used in the above assay so long as it expresses a functional 
form of torsin and the torsin activity can be measured. The preferred expression cells 
are eukaryotic cells or organisms. Such cells can be modified to contain DNA 
sequences encoding torsin using routine procedures known in the art. Alternatively, 
20 one skilled in the art can introduce mRNA encoding the torsin protein directly into the 
cell. 

In another embodiment, the present invention relates to a screen for 
pharmaceuticals {e.g., drugs) which can counteract the expression of a mutant torsin 
protein. Preferably, a neuronal culture is used for the overexpression of the mutant 
25 form of torsinA using the vector technology described herein. Changes in neuronal 
morphology and protein distribution is assessed and a means of quantification is used. 
This bioassay is then used as a screen for drugs which can ameliorate the phenotype. 

Using torsin ligands (including antagonists and agonists as described above) the 
present invention further provides a method for modulating the activity of the torsin 



0838.1001-009 



-61- 

protein in a cell. In general, agents (antagonists and agonists) which have been 
identified to block or stimulate the activity of torsin can be formulated so that the agent 
can be contacted with a cell expressing a torsin protein in vivo. The contacting of such 
a cell with such an agent results in the in vivo modulation of the activity of the torsin 
5 proteins. So long as a formulation barrier or toxicity barrier does not exist, agents 
identified in the assays described above will be effective for in vivo use. 

In another embodiment, the present invention relates to a method of 
administering torsin or a torsin ligand (including torsin antagonists and agonists) to an 
animal (preferably, a mammal (specifically, a human)) in an amount sufficient to effect 
10 an altered level of torsin in the animal. The administered torsin or torsin ligand could 
specifically effect torsin associated functions. Further, since torsin is expressed in brain 
tissue, administration of torsin or torsin ligand could be used to alter torsin levels in the 
brain. 

One skilled in the art will appreciate that the amounts to be administered for any 
1 5 particular treatment protocol can readily be determined. The dosage should not be so 
large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic 
reactions, and the like. Generally, the dosage will vary with the age, condition, sex and 
extent of disease in the patient, counter indications, if any, and other such variables, to 
be adjusted by the individual physician. Dosage can vary from 0.001 mg/kg to 50 
20 mg/kg of torsin or torsin ligand, in one or more administrations daily, for one or several 
days. Torsin or torsin ligand can be administered parenterally by injection or by gradual 
perfusion over time. It can be administered intravenously, intraperitoneally, 
intramuscularly, or subcutaneously. 

Preparations for parenteral administration include sterile or aqueous or 
25 non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous solvents 
are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable 
organic esters such as ethyl oleate. Aqueous carriers include water, alcoholic/aqueous 
solutions, emulsions or suspensions, including saline and buffered media. Parenteral 
vehicles include sodium chloride solution, Ringer's dextrose and sodium chloride, 
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lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient 
replenishes, electrolyte replenishes, such as those based on Ringer f s dextrose, and the 
like. Preservatives and other additives can also be present, such as, for example, 
antimicrobials, antioxidants, chelating agents, inert gases and the like {Remington's 
5 Pharmaceutical Science, 16th ed., Eds.: Osol, A,, Ed., Mack, Easton PA (1980)). 

In another embodiment, the present invention relates to a pharmaceutical 
composition comprising torsin or torsin ligand in an amount sufficient to alter is torsin 
associated activity, and a pharmaceutically acceptable diluent, carrier, or excipient. 
Appropriate concentrations and dosage unit sizes can be readily determined by one 
1 0 skilled in the art as described above {Remington f s Pharmaceutical Sciences, 1 6th ed., 
Eds.: Osol, A., Ed., Mack, Easton PA (1980); WO 91/19008). 

XL Transgenic Torsin "Knock-Out" Mice. 
Methods of Generating Transgenic Non-Human Animals 

The non-human animals of the invention comprise any animal having a 
15 transgenic interruption or alteration of the endogenous gene(s) (knock-out animals) 

and/or into the genome of which has been introduced one or more transgenes that direct 
the expression of human torsin. 

Such non-human animals include vertebrates such as rodents, non-human 
primates, sheep, dog, cow, amphibians, reptiles, etc. Preferred non-human animals are 
20 selected from non-human mammalian species of animals, most preferably, animals 
from the rodent family including rats and mice, most preferably mice. 

The transgenic animals of the invention are animals into which has been 
introduced by nonnatural means (i.e., by human manipulation), one or more genes that 
do not occur naturally in the animal, e.g., foreign genes, genetically engineered 
25 endogenous genes, etc. The non-naturally introduced genes, known as transgenes, may 
be from the same or a different species as the animal but not naturally found in the 
animal in the configuration and/or at the chromosomal locus conferred by the transgene. 
Transgenes may comprise foreign DNA sequences, i.e., sequences not normally found 
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in the genome of the host animal. Alternatively or additionally, transgenes may 
comprise endogenous DNA sequences that are abnormal in that they have been 
rearranged or mutated in vitro in order to alter the normal in vivo pattern of expression 
of the gene, or to alter or eliminate the biological activity of an endogenous gene 
5 product encoded by the gene (Watson, J.D., et al. , In: Recombinant DNA, 2d Ed., W. 
H. Freeman & Co., New York (1992), pg. 255-272; Gordon, J.W., 1989, Intl. Rev. 
Cytol. 115:171-229; Jaenisch, R., 1989, Science. 240:1468-1474; Rossant, J., 1990, 
Neuron. 2:323-334). 

The transgenic non-human animals of the invention are produced by introducing 
10 transgenes into the germline of the non-human animal. Embryonic target cells at 
various developmental stages are used to introduce the transgenes of the invention. 
Different methods are used depending on the stage of development of the embryonic 
target cell(s). 

Microinjection of zygotes is the preferred method for incorporating transgenes 
1 5 into animal genome in the course of practicing the invention. A zygote, a fertilized 
ovum that has not undergone pronuclei fusion or subsequent cell division, is the 
preferred target cell for microinjection of transgenic DNA sequences. The murine male 
pronucleus reaches a size of approximately 20 micrometers in diameter, a feature which 
allows for the reproducible injection of 1-2 pL of a solution containing transgenic DNA 
20 sequences. The use of a zygote for introduction of transgenes has the advantage that, in 
most cases, the injected transgenic DNA sequences will be incorporated into the host 
animal's genome before the first cell division (Brinster, et al, 1985, Proc. Natl. Acad. 
Sci. USA 82:4438-4442). As a consequence, all cells of the resultant transgenic 
animals (founder animals) stably carry an incorporated transgene at a particular genetic 
25 locus, referred to as a transgenic allele. The transgenic allele demonstrates Mendelian 
inheritance: half of the offspring resulting from the cross of a transgenic animal with a 
non-transgenic animal will inherit the transgenic allele, in accordance with Mendel's 
rules of random assortment. 



0838.1001-009 



-64- 

Viral integration can also be used to introduce the transgenes of the invention 
into an animal. The developing embryos are cultured in vitro to the developmental 
stage known as a blastocyst. At this time, the blastomeres may be infected with 
appropriate retroviruses (Jaenisch, R., 1976, Proc. Natl Acad. Sci. USA 
5 73:12604264). Infection of the blastomeres is enhanced by enzymatic removal of the 
zona pellucida (Hogan, et al, In: Manipulating the Mouse Embryo, Cold Spring Harbor 
Press, Cold Spring Harbor, N.Y. (1986)). Transgenes are introduced via viral vectors 
which are typically replication-defective but which remain competent for integration of 
viral-associated DNA sequences, including transgenic DNA sequences linked to such 

10 viral sequences, into the host animal's genome (Jahner, et aL, 1985, Proc. Natl. Acad. 
Sci USA 82:6927-6931; van der Putten, et al, 1985, Proc. Natl. Acad. Sci USA 
82:6148-6152). Transfection is easily and efficiently obtained by culture of blastomeres 
on a mono-layer of cells producing the transgene-containing viral vector (van der 
Putten, et al 9 1985, Proc. Natl. Acad. Sci. USA 82:6148-6152; Stewart, et ah, 1987, 

15 EMBO J. 6:383-388). Alternatively, infection may be performed at a later stage, such 
as a blastocoele (Jahner, D., et al, 1982, Nature. 298:623-628). In any event, most 
transgenic founder animals produced by viral integration will be mosaics for the 
transgenic allele; that is, the transgene is incorporated into only a subset of all the cells 
that form the transgenic founder animal. Moreover, multiple viral integration events 

20 may occur in a single founder animal, generating multiple transgenic alleles which will 
segregate in future generations of offspring. Introduction of transgenes into germline 
cells by this method is possible but probably occurs at a low frequency (Jahner, D., et 
aL, 1982, Nature. 298:623-628). However, once a transgene has been introduced into 
germline cells by this method, offspring may be produced in which the transgenic allele 

25 is present in all of the animal's cells, i.e., in both somatic and germline cells. 

Embryonic stem (ES) cells can also serve as target cells for introduction of the 
transgenes of the invention into animals. ES cells are obtained from pre-implantation 
embryos that are cultured in vitro (Evans, M.J., et aL, 1981, Nature. 292:154-156; 
Bradley, M.O., etaL, 1984, Nature. 309:255-258; Gossler, etaL, 1986, Proc. Natl. 
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Acad. Set USA 83:9065-9069; Robertson, E. J., etal, 1986, Nature. 322:445-448; 
Robertson, E.J., In: Teratocarcinomas and Embryonic Stem Cells: A Practical, 
Approach, Ed.: Robertson, E.J., IRL Press, Oxford (1987), pg. 71-112). ES cells, 
which are commercially available (from, e.g., Genome Systems, Inc., St. Louis, MO), 
5 can be transformed with one or more transgenes by established methods (Lo veil-Badge, 
R. H., In: Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, Ed.: 
Robertson, E.L, IRL Press, Oxford (1987), pg. 153-182). Transformed ES cells can be 
combined with an animal blastocyst, after which the ES cells colonize the embryo and 
contribute to the germline of the resulting animal, which is a chimera composed of cells 

10 derived from two or more animals (Jaenisch, R., 1988, Science. 240:1468-1474; 

Bradley, A., In: Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, 
Ed.: Robertson, E.J., IRL Press, Oxford (1987), pg. 113-151). Again, once a transgene 
has been introduced into germline cells by this method, offspring may be produced in 
which the transgenic allele is present in all of the animal's cells, i.e., in both somatic 

1 5 and germline cells. 

However it occurs, the initial introduction of a transgene is a non-Mendelian 
event. However, the transgenes of the invention may be stably integrated into germline 
cells and transmitted to offspring of the transgenic animal as Mendelian loci. Other 
transgenic techniques result in mosaic transgenic animals, in which some cells carry the 

20 transgenes and other cells do not. In mosaic transgenic animals in which germ line cells 
do not carry the transgenes, transmission of the transgenes to offspring does not occur. 
Nevertheless, mosaic transgenic animals are capable of demonstrating phenotypes 
associated with the transgenes. 

Transgenes may be introduced into non-human animals in order to provide 

25 animal models for human diseases. Transgenes that result in such animal models 
include, e.g., transgenes that encode mutant gene products associated with an inborn 
error of metabolism in a human genetic disease and transgenes that encode a human 
factor required to confer susceptibility to a human pathogen (i.e., a bacterium, virus, or 
other pathogenic microorganism; Leder, et al, U.S. Patent No.: 5,175,383; Kindt, et 
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al., U.S. Patent No.: 5,183,949; Small, etaL, 1986, Cell 46:13-18; Hooper, etaL, 
1987, Nature. 326:292-295; Stacey, et al t 1988, Nature. 332:131-136; Windle, et aL, 
1990, Nature. 343:665-669; Katz, etaL, 1993, Cell. 74:1089-1100). Transgenically 
introduced mutations can give rise to null ("knock-out") alleles in which a DNA 
5 sequence encoding a selectable and/or detectable marker is substituted for a genetic 
sequence normally endogenous to a non-human animal. Resultant transgenic 
non-human animals that are predisposed to a disease, or in which the transgene causes a 
disease, may be used to identify compositions that induce the disease and to evaluate 
the pathogenic potential of compositions known or suspected to induce the disease 
10 (Bems, AJ.M., U.S. Patent No.: 5,174,986), or to evaluate compositions which may be 
used to treat the disease or ameliorate the symptoms thereof (Scott, et aL, WO 
94/12627). 

Offspring that have inherited the transgenes of the invention are distinguished 
from litter mates that have not inherited transgenes by analysis of genetic material from 

15 the offspring for the presence of biomolecules that comprise unique sequences 

corresponding to sequences of, or encoded by, the transgenes of the invention. For 
example, biological fluids that contain polypeptides uniquely encoded by the selectable 
marker of the transgenes of the invention may be immunoassayed for the presence of 
the polypeptides. A more simple and reliable means of identifying transgenic offspring 

20 comprises obtaining a tissue sample from an extremity of an animal, e.g., a tail, and 
analyzing the sample for the presence of nucleic acid sequences corresponding to the 
DNA sequence of a unique portion or portions of the transgenes of the invention, such 
as the selectable marker thereof. The presence of such nucleic acid sequences may be 
determined by, e.g., Southern blot analysis with DNA sequences corresponding to 

25 unique portions of the transgene, analysis of the products of PCR reactions using DNA 
sequences in a sample as substrates and oligonucleotides derived from the transgene's 
DNA sequence, etc. 

XH. HSV-1 Amplicon Constructs. 
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In another embodiment, the present invention relates to a recombinant DNA 
molecule comprising an HSV- 1 amplicon and at least one above-described torsin 
nucleic acid molecule. 

Several features make HSV- 1 an ideal candidate for vector development: (i) 
5 HSV- 1 is essentially pantropic and can infect both dividing and non-dividing cells, 
such as neurons and hepatocytes; (ii) the HSV- 1 genome can remain in neurons for 
long periods with at least some transcriptional activity; and (iii) the HSV-1 genome 
encodes more than 75 genes of which 38 are dispensable (nonessential) for viral 
replication in cell culture (Ward, P.L. and Roizinan, B., 1994, Trends Genet. 

10 10:267-274). This offers the opportunity to replace large parts of the genome with 
foreign DNA, including one or more therapeutic genes of interest. 

The technology to construct recombinant HSV- 1 vectors was developed more 
than a decade ago (Mocarski, E.S., et aL, 1980, Cell. 22:243-255; Post, L.E. and 
Reizrnan, B. ? 1981, Cell 25:2227-2232; Roizman, B. and FJ. Jenkins, 1985, Science. 

15 229:1208-1214). With the goal to create aprototype HSV-l/HSV-2 recombinant 

vaccine, the HSV-1 genome was deleted in certain domains in order to eliminate some 
loci responsible for neurovirulence, such as the viral thymidine kinase gene, and to 
create space for the insertion of a DNA fragment encoding the herpes simplex virus 
type 2 (HSV-2) glycoproteins D, G, and I (Meignier, B., et aL, 1988, J. Inf. Dis. 

20 158:602-614). Currently, recombinant herpes virus vectors are being evaluated in 

numerous protocols primarily for gene therapy of neurodegenerative diseases and brain 
tumors (Breakefield, X.O., et aL, In: Cancer Gene Therapeutics, (1995), pp. 41-56; 
Glorioso, J.C., et aL, "Herpes simplex virus as a gene-delivery vector for the central 
nervous system," La: Viral vectors: Gene therapy and neuroscience applications, Eds.: 

25 Kaplitt, M.G. and Loewy, A.D., Academic Press, NY (1995), pp. 1-23). 

The development of a second type of HSV-1 vector, the so-called HSV-1 
"amplicon" vector, was based on the characterization of naturally occurring defective 
HSV- 1 genomes (Frenkel, N., et aL, 1976, ViroL 20:527-531). Amplicons cany 
three types of genetic elements: (i) prokaryotic sequences for propagation of plasmid 
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DNA in bacteria, including an E. coli origin of DNA replication and an antibiotic 
resistance gene; (ii) sequences from HSV-1, including an ori and a pac signal to support 
replication and packaging into HSV-1 particles in mammalian cells in the presence of 
helper virus functions; and (iii) a transcription unit with one or more genes of interest 
5 (Ho, D. Y., 1994, Metk Cell Biol 43:191-210) defective viruses and development of 
the amplicon system {Viral vectors: Gene therapy and neuroscience applications, Eds.: 
Kaplitt, M.G., and Loewy, A.D., Academic Press, NY (1995), pp. 25-42). 

Replication of amplicon DNA in mammalian cells is mediated by interaction of 
the HSV-1 origins of DNA replication {ori s or ori 2 ) with proteins provided in trans by 

10 the helper virus. These include: (i) the products of the {7X5, 8 and 52 genes which form 
a complex that has helicase-primase activity; (ii) the UL9 gene product, which binds 
directly to ori; and (iii) a single stranded DNA binding protein (the product of UL29), 
which forms a complex with the products of UL42, a double stranded DNA binding 
protein, and the UL30 gene product, which is a virus encoded DNA polymerase (Ward, 

15 P.L. and Roizrnan, B, 1994, Trends Genet. 10:267-274). The ori L sequence (144 bp) is 
an A-T rich palindrome which is unstable in bacteria due to its dyad symmetry (Weller, 
S.K., et al, 1985, Mol Cell Biol 5:930-942) and thus has not proven useful in the 
generation of amplicon vectors defective viruses and development of the amplicon 
system {Viral vectors: Gene therapy and neuroscience applications, Eds.: Kaplitt, 

20 M.G., and Loewy, A.D., Academic Press, NY (1995), pp. 25-42). The ori s , sequence 
(90 bp), in contrast, with a shorter A-T rich sequence and imperfect palindrome, has 
proven more stable in bacteria (Stow, N.D. and McMonagle, E.C., 1983, Virology. 
130:427-438) and is typically incorporated into amplicons. Ori s sequences from HSV-1 
and HSV-2 (Kaplitt, M.G., et al, 1991, Mol. Cell Neurosci. 2:320-330) have both been 

25 used, although the HSV-1 one is the most typical. HSV-1 ori s is located between the 
promoters for the immediate-early (IE) 3 and 4/5 genes (FIG. 2A). These promoters 
contain TAATGARAT sequences which respond to the vision tegument protein, VP 16, 
as well as SP1 enhancer elements (Stem, S., 1989, Nature. 341:624-630), but they also 
increase the efficiency of DNA replication (Wong, S.W. and Schaffer, P.A., 1991, J. 
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Virol 65:2601-261 1). Thus larger fragments (0.5 - 1 kb) bearing ori s can be used both 
for efficient arnplicon replication in mammalian cells and to direct the expression of the 
transgenes from the IE3 and/or IE4/5 promoters. However, to reduce the non-specific 
effects of these viral regulatory elements on cell-specific or inducible promoters, 
5 several groups have used minimal ori s elements (237-295 bp) without compromising the 
efficient generation of arnplicon vectors (Kaplitt, M.G., et al ,1991, Mol Cell Neurosci 
2:320-330; Ho, D.Y., 1994, Meth. Cell Biol 43:191-210; Lu, B. and Federoff, HJ. ; 

1995, Hum. Gene Ther. 6:419-428). 

Replication of arnplicon DNA in cells co-transduced with HSV- 1 helper virus 

1 0 proceeds by a rolling-circle mechanism creating a linear concatemer of arnplicon DNA 
sequences. For packaging into vision capsids concatemeric genomes are cleaved 
between pairs of a repeat sequences after filling of the capsid, which holds about 152 kb 
of DNA (Deiss, L.P. and Frenkel, N., 1986, J. Virol 59:605-618; Roizman, B. and 
Sears, A.E., "Herpes simplex viruses and their replication," In: Virology, 3rd. edition, 

15 Ed.: Fields, S.N., et al 9 Lippincott-Raven, Philadelphia, PA (1996), pp. 2231-2295). 
The pac sequences within the a repeat define the cleavage point and consist of 
alternating repeat and unique sequences of 250-500 bp, depending on the virus strain, in 
the following configuration: direct repeat (DR) 1 (20 bp) - unique sequence (U) b (65 
bp) - DR2 12 bp x 19-23) - DR4 (37 bp x 2-3) - Uc (58 bp) - DR1 (Davison, AJ., and 

20 Wilkie, N.M., 1981, J. Gen. Virol 55:315-331). The repeat nature of these sequences 
may contribute to their instability in bacteria, and in addition, they contain elements 
which can serve as recombinational hot spots in the context of the HSV-1 infection of 
mammalian cells (Umene, K., 1993, J. Virol 67:5685-5691). Also, the promoter of the 
y34.5 gene, which is located in the a repeat, can potentially influence transgene 

25 expression mediated by arnplicon vectors. Current vectors contain one to two transgene 
cassettes (Kaplitt, M.G., et al, 1991, Mol Cell Neurosci 2:320-330; Ho, D.Y., 1994, 
Meth Cell Biol 43:191-210; Linnik, M.D., etal, 1995, Stroke 26:1670-1674; 
Lawrence, M.S., et al, 1996, Blood Flow Metab. 16:181-185; New, K. and Rabkin, S., 

1996, Mol Brain Res. 37:317-323; Pechan, P.A., et al, 1996, Hum. Gene Ther. 7:2003- 
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2013), but, even within the 15kb limit, three or more genes could be included, 
depending on the size of the transgenes. 

A number of different promoter elements have been used to regulate transgene 
expression in mammalian cells, including HSV-1 IE promoters and cell-specific 
5 promoters (Smith, R.L., 1995, et al, 1 Virol 69:4593-4599), Since the IE promoters 
are induced by the tegument protein, VP1 6, which is carried into the nucleus by the 
vision, they tend to give robust expression in the first few days after infection and then 
decrease dramatically as VP 1 6 is degraded by the cells. However, IE promoters can be 
re-activated by superinfection with HSV-1 (Starr, PA., et al, 1996, Gene Ther. 

10 3:61 5-623). Other viral promoters, including hCMV IE1 and S V40 T 9 also direct strong 
but transient transgene expression in most cells (Ho, D.Y., et al, 1993, Proc. Natl 
Acad. ScL USA 90:3655-3659; Pechan, PA., et al, 1996, Hum. Gene Ther. 
7:2003-2013). Several groups have utilized cell specific promoters in the context of 
amplicon vectors, including those for preproenkephalin (Kaplitt, M.G., et al, 1994, 

1 5 Proc. Natl Acad. Set USA 91 :8979-8983), neurofilament light and heavy gene, 

tyrosine hydroxylase (Oh, YJ., et al, 1996, Mol. Brain Res. 35:227-236; Jin, B.K., et 
al, l996,Hum. Gene Ther. 7:215-2024; Fraefel, C, etal, 1996, 21st International 
Herpesvirus Workshop, DeKalb IL), neuron specific enolase, sodium channel, albumin, 
and cc-antitrypsin. Some of these promoters appear to retain their cell specificity in the 

20 context of amplicon sequences, although levels of expression tend to be lower than with 
viral promoters. Moreover, the extent of specificity is difficult to assess given the 
altered transcriptional regulation in neural cells in culture versus in vivo and the 
difficulty in identifying neural cell types in vivo. Only two reports have demonstrated 
inducible expression mediated by amplicon vectors. Using a minimal ori s sequence 

25 (Lu, B. and Federoff, HJ. 1995, Hum. Gene Ther. 6:419-428) up to 50-fold 

dexamethasone induction of lacZ expression in primary rat hepatocytes using five 
copies of a tandemly repeated rat tyrosine aminotransferase (TAT) glucocorticoid 
responsive element GRE can be achieve (Jantzen, H.M., et al, 1987,Q?//. 49:29-38). 
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Cell lines have been developed which allow the helper virus-free packaging of 
certain other vectors, such as retrovirus vectors (Mann, R., et al, 1983, Cell. 
33:153-159). A similar approach for the generation of HS V- 1 amplicon vectors, 
however, would presumably require both the expression of at least the 38 essential 
5 genes of HSV-1 (Ward, P.L. and Roizman, B., 1994, Trends Genet. 10:267-274; 
Roizman, B. and Sears, A.E., "Herpes simplex viruses and their replication," In: 
Virology, 3rd. edition, Eds.: Fields, B. N., et al, Lippincott-Raven, Philadelphia, PA 
(1996), pp. 2231-2295) and replication of the HSV-1 genome which is essential for the 
expression of some late genes. To circumvent these problems, a helper virus-free 
1 0 packaging system has been developed which utilized transient cotransfection of 

amplicon DNA with a set of five cosmids that overlap and represent the entire HSV- I 
genome but which were mutated to inactivate the pac signals (Fraefel, C. et al, 1996, J. 
Virol. 70:7190-7197; Cunningham, C. and Davison, A.J., 1993, Virology. 197:116-124) 
demonstrated that after transfection of cells, a HSV- 1 cosmid set could form a complete 
1 5 replication-competent virus genome, via homologous recombination between the 

overlapping sequences, and produce infectious virus particles. Deleting the pac signals, 
however, renders these viral genomes incapable of being packaged, while still providing 
all the helper-functions required for the replication and packaging of the cotransfected 
amplicon DNA (Fraefel, C, et al, 1996, J. Virol. 70:7190-7197). The resulting vector 
20 stocks are free of detectable helper virus and have titers of 1 06 to 1 07 infectious vector 
particles per milliliter of culture medium. Moreover, in the absence of helper virus, 
these vector stocks can efficiently transduce many different cell types, including neural 
cells and hepatocytes in culture and in vivo, while causing minimal cytopathic effects. 
The basic structure of amplicon vectors has remained relatively unchanged and 
25 includes the HSV- 1 ori, and pac elements responsible for replication and packaging of 
constructs into HSV-1 virions. New variations have evolved in response to the demand 
for stable and cell specific expression. These include the use of. (i) different promoters, 
(ii) multiple transgenes, and (iii) elements from other virus vectors. 
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In the central nervous system (CNS), viral promoters such as the hCMV IE1 
promoter and the HSV-1 IE4/5 promoter, support strong expression of amplicon 
delivered transgenes (Ho, D.Y., 1993, et al, Proc. Natl. Acad. Sci. USA 90:3655-3659; 
Smith, R.L., et al, 1995, J. Virol. 69:4593-4599). In general, however, the time span of 
5 expression is relatively short-lived, due to poorly understood promoter inactivation. 
Cell type specific expression in the CNS has been attempted using several promoters, 
and specificity in the context of an amplicon has been reported using the neuronal 
preproenkephalin (PPE) promoter (Kaplitt, M.G., et al, 1994, Proc. Natl. Acad. Sci. 
USA 91:8979-8983) and the TH promoter (Jin, B.K., et al, 1996, Hum. Gene Ther. 
10 7:2-15-2024). In these reports, cell specificity is due to the incorporation of large 5' 
regulatory sequences upstream of the minimal promoter elements of these mammalian 
genes. After amplicon vector delivery to the rat brain, the 2.7 kb PPE promoter and 
regulatory regions supported the expression of an E. coli lacZ marker gene for 2 months 
in cells morphologically resembling neurons. In transgenic mice, the 9.0 kb TH 
1 5 promoter/regulatory sequence efficiently directs cell and region specific expression of a 
lacZ marker gene (Min, N., et al, 1994, Mol Brain Res. 27:281-289). The importance 
of this large upstream region was confirmed by comparative analysis of two amplicons 
with lacZ marker genes driven by either the minimal HSV-1 IE4/5 promoter or the 9.0 
kb TH promoter (Jin, B.K., et al, 1996, Hum. Gene Ther. 7:2-15-2024). Both 
20 amplicons supported transient synthesis of P-galactosidase at the site of inoculation. 
However, the TH amplicon continued to express the lacZ gene at apparently similar 
levels and in the same number of cells for up to ten weeks post-inoculation. As 
confirmed by double labeling experiments, expression was anatomically restricted to 
neurons in the substantia nigra (SN) and locus coeruleus (LC), where endogenous 
25 catecholamines are synthesized. These reports strongly support other studies indicating 
that the genetic elements which contribute to cell specificity and long term expression 
are contained in the 5' regions upstream of the minimal promoter elements (Jin, B.K., et 
al, 1996, Hum. Gene Ther. 7:2-15-2024). The ability of HSV-1 amplicons to carry 
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these large regulatory sequences makes this a valuable system for cell-specific gene 
expression in the CNS. 

HSV-1 amplicons have been designed that transfer multiple transgenes using 
bicistronic genes or multiple expression cassettes. The picornavinis 5' ribosome 
5 binding region has been used as an internal entry site, thus linking the expression of two 
coding regions to a single promoter. This approach has been employed to "tag" the 
expression of a therapeutic gene with a marker gene. For example, amplicons 
overexpressing the rat brain glucose transporter (GLUT-1), linked by the internal 
ribosome entry site (IRES) to the E. coli lacZ gene, have been used in several 

10 experimental models (Ho, D. Y., et al, 1995, J. Neurochem. 65:842-850; Dash, R. ? et 
al, 1996, Exp. Neurol 137:43-48). These authors demonstrated protection of neuronal 
death against hypoglycemia, glutamate, and 3-nitroproprionic acid. The GLUT-l//acZ 
bicistronic construct allowed the authors to conclude that there was an inverse 
correlation between the expression of the delivered transgenes and the degree of 

1 5 hippocampal neuron loss in a kainate induced seizure model (Lawrence, M.S., et al , 
1995, Proc. Natl Acad. Set USA 92:7247-7251; Lawrence, M.S., et al, 1996, Blood 
Flow Metab. 16:181-185) incorporated two independent marker genes, lacZ and 
alkaline phosphatase (AP), both under control of human cytomegalovirus (hCMV) IE1 
promoters. In a variety of cell lines and primary neurons m culture, as well as neurons 

20 in vivo, this vector supported the expression of both transgene products in about 40% of 
labeled cells. In the remaining labeled cells, only AP or p-galactosidase was detected at 
about the same rate (-30%). 

The so-called "piggyback" system has been designed to improve the amplicon 
packaging efficiency (Pechan, P.A., et al, 1996, Hum. Gene Ther. 7:2003-2013). In 

25 traditional packaging systems, cells infected with helper virus alone generate more 

helper virus, and those transfected with amplicon plasmid can generate vector particles 
only if infected with helper virus, and consequently, they also produce helper virus. 
This discrepancy favors the production of helper virus and ensures that the ratios of 
amplicon vector to helper virus ratios remains low (usually <1). The piggyback 
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amplicon encodes an HSV-1 gene essential for replication (IE 3) which can complement 
a replication- incompetent helper virus deleted in IE 3. In this system, packaging can be 
performed on any susceptible cell line as it does not need to complement the 
replication-defective helper virus. Packaging occurs only in cells in which both the 
5 helper virus and the amplicon are present, thus eliminating helper virus propagated 
independently of the amplicon. This system supports high amplicon titers of 6 x 10 7 
transducing units per mL (t.u./mL), requires fewer passages to generate high titer vector 
stocks, and has apparent ratios of amplicon vector to helper virus of 3:5. 

The newest generation of amplicon vectors incorporates both multiple 

10 transgenes and multiple genetic elements taken from other virus-based vectors. These 
"hybrid" amplicons are packaged in HSV-1 virions, and therefore retain the advantages 
of this virus for gene delivery to the CNS (see below), but include elements which are 
predicted to maintain the vector in a stable state that could support long-term gene 
expression in transduced cells. An amplicon vector has been constructed (Wang, S. and 

15 Vos, L, 1996, J. Virol 70:8422-8430) that includes HSV-1 elements for replication and 
packaging, as well as the Epstein-Barr virus (EBV) nuclear antigen 1 (EBNA-1) gene 
and oriP, and the hygromycin resistance gene (HygR). EBV elements were included to 
support the autonomous replication of the vector genome and to maintain it as a stable 
episome in the host cell nucleus. After transfection of the amplicon into cells, stable 

20 colonies were isolated by hygromycin selection, and packaged vectors were generated 
by superinfecting these colonies with replication-incompetent helper HSV-1. Because 
all cells contain the hybrid amplicon, packaging was comparably efficient to the 
piggyback system (4 x 10 6 t.u./mL), and resulted in high ratios of amplicon vector to 
helper virus. This vector was successfully used to infect a number of human cell lines 

25 in culture, and two human tumor lines, the hepatoma line HepG2 and the glioma line 
T98G in vivo. Expression of a lacZ transgene was noted for at least two weeks after 
delivery (Wang, S. and Vos, J., 1996, 1 Virol 70:8422-8430). 

The second hybrid amplicon system incorporates the adeno-associated virus 
(AAV) inverted terminal repeats (ITRs), and the AAV rep gene in addition to the 
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HSV-1 replication and packaging elements (FIG. 2B). The AAV Rep isozymes have 
several functions, including the recognition of the ITRs for replication of the virus 
genome and subsequent integration in a site-specific manner into human chromosome 
19ql3 (Samulski, R.J., etal, 1991, EMBOJ. 10:3941-3950; Bems, K.I., 
5 "Paravoviridae: the viruses and their replication," In: Virology, 3rd edition, Eds. : 
Fields, S.N., et al, Lippincott-Raven, Philadelphia, PA (1996), pp. 2173-2197). It has 
been postulated that these functions would allow a transgene flanked by the ITRs to be 
amplified from the hybrid vector and then to remain in the transduced cell as a stable 
provirus, integrated in a directed manner into this non-essential locus (Johnston, K.M., 
10 et al, 1997, Hum. Gene Ther. 8:359-370). These events should be able to occur in both 
dividing and post-mitotic cells. These hybrid amplicons have been packaged by using 
both HSV-1 helper virus and helper virus-free systems. The replicative and packaging 
functions of the AAV ITRs in the context of the hybrid amplicon was confirmed by 
co-transfecting the hybrid amplicon with a plasmid that carries AAV helper functions in 
1 5 the presence of either adenovirus or HS V- 1 helper virus. Under these conditions, an 
777?-flanked marker lacZ transgene was efficiently excised from the HSV/AAV 
amplicon, replicated, and packaged as a recombinant AAV. The HSV/AAV amplicon 
vector, in comparison to a conventional HSV-1 amplicon, supported extended 
transgene expression in dividing human U87 glioma cells. At fifteen days 
20 post-infection, the HSV/AAV amplicon packaged with helper virus produced about 
100-fold more P-galactosidase-positive cells than conventional amplicons. 
Interestingly, although the helper virus-free packaged HSV/AAV amplicon vector had 
no demonstrable toxicity, gene expression was only 10-fold greater than with the 
conventional amplicon, suggesting that the helper virus may augment HSV/AAV- 
25 mediated gene expression. At fifteen days post-transduction, the hybrid 

amplicon-transduced cells contained significantly more lacZ transgene DNA than cells 
transduced with conventional amplicons, as determined by PCR analysis. The two 
hybrid amplicon systems discussed here are designed to extend transgene expression by 
adding genetic elements from other vector systems that support stable retention of the 
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vector genome in target cells. The packaging of these hybrid amplicon vectors as 
defective virions ensures efficient and safe delivery of transgenes to the nucleus of host 
cells. 

a. Amplicon Vectors for Gene Transfer into Neurons 
5 In another embodiment, the present invention relates to the use of the 

above-described amplicon vectors for transfer of a torsin nucleic acid molecule into 
neurons. 

HSV-1 has several biological properties that facilitate its use as a gene transfer 
vector into the CNS. These include: (i) a large transgene capacity (theoretically up to 

10 150 kb), (ii) tropism for the CNS in vivo, (iii) nuclear localization in dividing as well as 
non-dividing cells, (iv) a large host cell range in tissue culture, (v) the availability of a 
panel of neuroattenuated and replication incompetent mutants, and (vi) the possibility to 
produce relatively high virus titers. 

Another important property of the HSV-1 derived vector systems for the CNS is 

1 5 the ability of these virions to be transported retrogradely along axons. After fusion with 
the cell membrane, the virus capsid and associated tegument proteins are released into 
the cytoplasm. These capsids associate with the dynein complex which mediates 
energy dependent retrograde transport to the cell nucleus along microtubules (Topp, 
K.S., etal, 1994, J. Neurosci. 14:318-325). Replication-incompetent, recombinant and 

20 amplicon HSV-1 vectors expressing the lacZ gene have been used to determine the 
localization and spread of vectors after injection. After single injections into many 
areas, including caudate nucleus, dentate gyrus and cerebellar cortex, the distribution of 
P-galactosidase-positive cells was determined (Chiocca, E.A., et aL 9 1990, N. Biol 
2:739-746; Fink, D.J., etal, 1992, Hum. Gene Ther, 3:11-19; Huang, Q.,etaL, 1992, 

25 Exp. Neurol 115:303-316; Wood, M., et al, 199 '4, Exp. Neurol 130:127-140). 

Neurons and glia were transduced at the site of injection, and activity was also detected 
at distant secondary brain areas, in neurons that make afferent connections with the 
cells in the primary injection site. The retrograde transport to secondary sites is 
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selective to neuroanatomic pathways, suggesting trans-synaptic travel of the vims 
capsids. Retrograde transport of an amplicon vector has been demonstrated after 
striatal injections in both the substantia nigra pars compacta and the locus coeruleus 
(Jin, B.K., et al, 1996, Hum. Gene Ther. 7:2015-2024). The ability of HSV-1 to travel 
5 by retrograde transport to neurons in afferent pathways suggests that the delivery of 
genes by these vectors can be spread beyond the original injection site to other regions 
of neuroanatomic importance. 

The original report of amplicon-mediated gene delivery to neurons used primary 
cells in culture (Geller, A.I. and Breakefield, X.O. 1988, Science 241 : 1667- 1669). 

1 0 Amplicon vectors have been used to study neuronal physiology, for example effects of 
expression of GAP43 or the low affinity nerve growth factor (NGF) receptor on 
morphology and growth of neuronal cells (Neve, R.L., et al, 1991, Mol Neurobiol. 
5:131-141; Battleman, D., et al, 1993, J. Neurosci. 13:941-951). Amplicons can direct 
rapid and stable transgene expression in hippocampal slice cultures (Bahr, B., et al, 

15 1994, Mol. Brain Res. 26:277-285), and this has been used to model both kainate 
receptor-mediated toxicity (Bergold, P. J., et al, 1993, Proc. Natl. Acad. Sci. USA 
90:6165-6169) and glucose transporter-mediated protection of neurons (Ho, D.Y., et 
al, 1995, J. Neurochem. 65:842-850). In vivo, amplicons have been used to deliver a 
number of candidate therapeutic genes in different models of CNS diseases. For 

20 example, expression of the glucose transporter protects neurons in an induced seizure 
model ((Ho, D.Y., et al, 1995, J. Neurochem. 65:842-850; Lawrence, M.S., et al, 
1995, Proc. Natl. Acad. Sci. USA 92:7247-7251; Lawrence, M.S., et al, 1996, Blood 
Flow Metab. 16:181-185), bcl-2 rescues neurons from focal ischemia (Linnik, M.D., et 
al, 1995, Stroke 26:1670-1674), and expression of TH mediates behavioral changes in 

25 parkinsonian rats (During, M.J., et al, 1994, Science 266: 1399-1403). Thus, amplicons 
have proven effective for functional expression of many transgenes in the CNS. 

Amplicons have recently been used to generate mouse somatic mosaics, in 
which the expression of a host gene is activated in a spatial and developmentally 
regulated fashion. Transgenic mice were engineered with a germline transmitted NGF 
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gene that contained an inactivating insertional element between the promoter and 
transcript flanked by the loxP sites. The somatic delivery of ere recombinase by an 
amplicon vector successfully activated the expression of NGF in these animals (Brooks, 
A.I., et al, 1997, Nat. Biotech. 15:57-62). The ability to express genes in specific cells 
5 at various points in development will have broad applications, especially for genes for 
which germline deletion ("knockouts") are conditional lethal mutants. 

Traditionally, the stability of transgene expression after transduction, and the 
cytopathic effect of the helper virus were the limiting features of amplicon mediated 
gene delivery into cells of the CNS. Recent advancements have largely addressed these 

10 constraints. Several promoter elements, such as preproenkephalin and tyrosine 
hydroxylase, can drive long-term transgene expression from amplicon vectors when 
upstream regulatory sequences are included (Kaplitt, M.G., et al, 1994, Proc. Natl. 
Acad. Sci. USA 91:8979-8983; Jin, B.K., et al, 1996, Hum. Gene Ther. 7:2015-2024). 
The development of hybrid amplicons containing non-HSV genetic elements that can 

1 5 potentially integrate in a site directed manner (Johnston, K.M., et al. , 1 997, Hum. Gene 
Ther. 8:359-370), or form stable replicating episomes (Wang, S. and Vos, J., 1996, J. 
Virol. 70:8422-8430), should maintain the-introduced transgene in a emetically stable 
configuration. Finally, the development of a packaging system devoid of contaminating 
helper virus (Fraefel, C, et al, 1996, J. Virol 70:7190-7197) has significantly reduced 

20 the cytopathic effects of amplicon vectors in culture and in vivo. The easily 

manipulated plasmid-based amplicon, and the helper virus-free packaging system 
allows the construction of a virtually synthetic vector which retains the biological 
advantages of HSV-1, but reduces the risks associated with virus-based gene therapy. 

b. Amplicon Vectors for Gene Transfer into Hepatocytes 
25 In another embodiment, the present invention relates to the use of the 

above-described amplicon vectors for transfer of a torsin nucleic acid molecule into 
hepatocytes. As discussed in the previous section, HSV-I amplicon vectors have been 
extensively evaluated for gene transfer into cells of the nervous system. However, 
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amplicon vectors can also be an efficient means of gene delivery to other tissues, such 
as the liver. 

Certain hereditary liver disorders can be treated by enzyme/protein replacement 
or by liver transplantation. However, protein infusion can only temporarily restore the 
5 deficiency and is not effective for many intracellular proteins. Liver transplantation is 
limited by donor organ availability and the need for immunosuppression for the lifetime 
of the patient. Thus, gene transfer to the liver is highly desirable, and consequently, 
various virus vector systems, including adenovirus vectors (Stratford-Perricaudet, L.D., 
etal, l990,Hum. Gene Ther. 1:241-256; Jaffe, A.H., et al, \992,Nat. Genet. 
10 1 :372-378; Li, Q., et al, 1993, Hum. Gene Ther. 4:403-409; Herz, J. and Gerard, R.D., 
1993, Proc. Natl. Acad. Sci. USA 90:2812-2816), retrovirus vectors (Hafenrichter, D. 
G., et al, 1994, Blood 84:3394-3404), baculovirus vectors (Boyce, F.M. and Bucher, N. 
R. L., 1996, Proc. Natl. Acad. Sci. USA 93:2348-2352; Sandig, V., et al, 1996, Hum. 
Gene Ther. 7:1937-1945) and vectors based on HSV- 1 (Miyanohara, A., et al, 1992, 
15 New Biologist 4:238-246; Lu, B., etal, 1995, Hepatology 21:752-759; Fong, Y, etal, 
1995, Hepatology 22:723-729; Tung, C, et al, 1996, Hum. Gene Ther. 7:2217-2224) 
have been evaluated for gene transfer into hepatocytes in culture and in experimental 
animals. Recombinant HSV-1 vectors have been used to express hepatitis B virus 
surface antigen (HBsAG), E. coli p-galactosidase, and canine factor IX- CFM in 
20 infected mouse liver (Miyanohara, A., et al. , 1 992, New Biologist 4:238-246). Virus 
stocks were either injected directly into the liver parenchyma or applied via the portal 
vein. By either route, gene transfer proved to be highly efficient and resulted in high 
levels of HB SAG or CFIX in the circulation, and in a large number of 
P-galactosidase-positive hepatocytes. Although detectable gene expression was 
25 transient, a significant number of vector genomes was demonstrated to persist for up to 
two months after gene transfer. The efficiency of long term gene expression could be 
increased somewhat by replacing the HCMV IE1 promoter with the HSV- 1 LAT 
promoter to direct the expression of the transgene. 
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In two different ex vivo studies, primary mouse or human hepatocytes were 
successfully transduced with HSV-1 amplicon vectors which express E. coli 
P-galactosidase or human growth hormone, respectively. After reimplantation of the 
transduced primary mouse hepatocytes into mouse liver, p-galactosidase-positive cells 
5 could be demonstrated for up to two weeks (Lu, B., et al, 1995, Hepatology. 
21:752-759). 

Both recombinant HSV-1 and amplicon vectors can be used for cancer therapy. 
With the goal to enhance the immunogenicity of hepatoma cells and consequently their 
elimination by host defense systems (Tung, C, et al, 1996, Hum. Gene Ther. 

10 7:22 1 7-2224) constructed an amplicon vector that expresses the human interleukin-2 
gene (HSV-IL-2). Mouse hepatoma cells (HEP A 1-6) were transduced with either 
HSV-IL-2 or a control amplicon vector that expressed E. coli p-galactosidase (HSVlac), 
irradiated, and then used to immunize mice. Animals pre-treated in this way were 
subsequently challenged with intraportal injection of 10 6 viable tumor cells. In the 

1 5 control group (HSVlac), seven out of ten animals developed liver, tumors, whereas in 
the group of the ten animals pre-treated with HSV-IL-2 transduced hepatoma cells, only 
one animal developed a tumor and that had a much smaller size as compared to those in 
the control group. Similar amplicon vectors can be used in the present invention. 

XEI. DYT1, Related Genes and Methods of Detecting a Mutation or Polymorphism 

20 which Mediates Dystonia Disorders. 

As discussed above, many cases of early onset torsion dystonia are caused by a 
three-base-pair deletion (GAG) in the coding region of the TORI A gene (alias DYT1, 
DQ2), resulting in loss of a glutamic acid in the carboxy terminal of the encoded 
protein, torsinA. TOR1A and its homolog TOR1B (alias DQ1, also referred to herein as 

25 TORB) are located adjacent to each other on human chromosome 9q34. Both genes 
comprise five similar exons; each gene spans a 10 kb region. While the following 
example exemplifies the invention by describing how the methods disclosed herein can 
be utilized to screen for a mutation which mediates a movement disorder, it is to be 
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understood that the invention is not limited to identifying mutations, which mediate a 
particular clinical disorder or disease, or polymorphisms which increase an individual's 
risk of developing a particular disease or disorder. The invention provides a general 
method which can be utilized to detect mutations or polymorphisms in any neuronal 
5 gene putatively associated with a particular phenotype. For example, utilizing the 
sequence information provided herein one of skill in the art can confirm the role of a 
torsin or a torsin-related gene in other neuronal disease. Involvement of a torsin or 
torsin-related gene can be implied from a neuroanatomical correlation of gene 
expression (e.g., peripheral nervous system or central nervous system specific, or more 
10 specifically by a particular type of neuron such as dompaminergic neurons in the 

substantia nigra) and clinical symptoms which indicate the involvement of a particular 
neuronal gene or its encoded product. 

For example, mutational analysis of most of the coding region and splice 
junctions of TORI A and TOR1B do not reveal additional mutations in typical early 
1 5 onset cases lacking the GAG deletion (N=17), in dystonic individuals with apparent 
homozygosity in the 9q34 chromosomal region (N=5), or in a representative Ashkenazi 
Jewish individual with late onset dystonia, who shared a common haplotype in the 9q34 
region with other late onset individuals in this ethnic group. 

A database search revealed a family of nine related genes (50-70% similarity) 
20 and their orthologs in species including human, mouse, rat, pig, zebrafish, fruitfly, and 
nematode. At least four of these occur in the human genome. Proteins encoded by this 
gene family share functional domains with the AAA/HSP/Clp-ATPase superfamily of 
chaperone-like proteins, but appear to represent a distinct evolutionary branch. 

Over 12 different gene loci have been implicated in various forms of primary, 
25 hereditaiy dystonia (Mueller, U., et al, 1998, Neurogenetics 1:165-177.). As discussed 
above, the TORI A (DYT1) locus on human chromosome 9q34 is responsible for the 
most severe form of hereditary dystonia - early onset, generalized torsion dystonia 
(Ozelius, L., et al. 9 1989, Neuron. 2:1427-1434; Kramer, P., et aL, 1994, Am. J. Hum. 
Gen. 55:468-475). In this form, symptoms usually begin in a limb at a mean age of 
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12.5 yrs, with progression, in most cases, to involve multiple body parts over a 
subsequent 5 yr period (Bressman, S.B., etal, 1994, Ann. Neurol. 36:771-777). 
Inheritance follows an autosomal dominant mode of transmission with reduced 
penetrance (30-40%; Risch, N.J., etal, \99Q, Am. J. Hum. Genet. 46:533-538). The 
5 TORI A gene on human chromosome 9q34 (Ozelius, L., et al, 1989, Neuron. 2:1427- 
1434) was recently identified and determined to encode a novel protein, torsinA 
(Ozelius, L.J., et al, 1997, Genome Res. 7:483-494). A single mutation, a three base 
pair (GAG) deletion, in the heterozygous state accounts for 50-60% of non- Jewish (NJ) 
individuals and over 90% of Ashkenazi Jewish (AJ) individuals with this form of 

10 dystonia (Bressman, S.B., et al, 1994, Ann. Neurol 36:111-111). The predominance of 
this mutation can reflect both a unique phenotype produced by the altered protein, with 
loss of one of a pair of glutamic acids in the carboxy terminal region, and an increased 
frequency of this mutation, due to genetic instability in an imperfect tandem 24 base 
pair repeat in the region of the deletion (Klein, C, et al, 1998, Human Mol. Genet. 

15 7:1133-1136). 

The TORI A gene is expressed selectively in specific regions of the human brain, 
with highest levels in the dopaminergic neurons of the substantia nigra (Augood, S.J., et 
al, 1998, Ann. Neurol. 43:669-673.). The involvement of these neurons in the etiology 
of dystonia is consistent with other genetic, pharmacologic and clinical studies. 

20 Metabolic deficiency states which compromise dopamine synthesis can also manifest 
with severe childhood-onset dystonia, including mutations in genes for GTP- 
cyclohydrolase I (Ichinose, H., et al, 1994, Nature Genetics. 8:236-242.) and tyrosine 
hydroxylase (Ludecke, B., et al, 1995, Hum. Genet. 95:123-125; Knappskog, P.M., et 
al, 1995, Hum. Mol Genet. 4:1209-1212; Wevers, R.A., etal, 1999, J. Inherit. Metab. 

25 Dis. 22:364-373.) underlying dopa-responsive dystonia, and for L-aromatic amino acid 
decarboxylase (Hyland, K., et al, 1998, In: Fifth International Congress of Parkinson's 
Disease Movement Disorders. New York, NY.) and dihydropteridine reductase (Blau, 
N., et al, 1998, J. Inherit. Metab Dis. 21:433-434.) in other neurologic syndromes with 
marked dystonic features. Dystonic symptoms can also be elicited by D2 receptor 
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blockers (LeWitt, P.A, 1995, "Dystonia caused by drags" In: Handbook of Dystonia. 
Eds.: King, J., Tsui, C. and Calne, D. B., pp. 227-240, Marcel Dekker, Inc., New York, 
N.Y.); and a missense mutation in the D2 receptor has been implicated in a family with 
myoclonus dystonia (Klein, C, et al, 1999, Proc. Natl Acad. Sci. USA 27:5173-5176.). 
5 The TORI A gene encoding torsinA is a member of a larger gene family, 

including an adjacent gene, TOR1B (DQ1) which encodes a highly homologous (70%) 
protein, torsinB. The human genome contains at least two other related genes, TOR2A 
and TOR3A {TORP1 and TORP2; Ozelius, L.J., et al, 1997, Genome Res. 7:483-494). 
All four human genes are expressed in most fetal and adult tissues. The interest in the 
1 0 TORI A gene family derives not only from its role in a neurologic disease, but also from 
the similarity of the deduced protein, torsinA, to a superfamily of proteins with a variety 
of chaperone-like functions. The similarity includes an ATP-binding domain, eleven 
conserved motifs and predicted secondary structure (Neuwald, A.F., 1999, Structure 
7:R19-R23; Ozelius, L.J., et al, 1997, Genome Res. 7:483-494; Lupas, A., etal, 1997 
1 5 Trends Biochem. Sci. 22:399-404), shared with the heat shock protein (HSP)/Clp 
ATPase and the "ATPase Associated with a variety of cellular Activities" (AAA) 
superfamily (Parsell, D.A. and Lindquist, S., 1993, Ann. Rev. Genet. 27:437-496; 
Gottesman, S., et al, 1997, Genes Dev. 1 1:815-823; Confalonieri, F. and Duguet, M., 
1995, Bioessays 17:639-650). This AAA+ family includes the N-ethylmaleimide- 
20 sensitive fusion (NSF) protein, which has been implicated in vesicle fusion and 

neurotransmitter release (Hanson, P.I., etal, 1997, Curr. Opin. Neurobiol. 7:310-315; 
Haas, A. 1998, Trends Cell Biol. 0:471-473.) and HSP104, which has been shown to 
determine the state of prion aggregation (DeBurman, S.K., et al, 1997, Proc. Natl. 
Acad. Sci. USA 94:13938-13943). 
25 Thus, another embodiment of the invention, is the exon structure and physical 

map of the human TORI A and TOR1B genes and the use of intron primers to detect 
other mutations in other neuronal genes that are implicated as mediating a particular 
phenotype which gives rise to clinical symptoms that correlate with the 
neuroanatomical expression of the gene. For example, the methods described herein 
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can be used to investigate the role of TORI A or TOR IB in other neuronal diseases, 
including but not limited to the neurodegenerative disease, for example Parkinson's 
disease. 

More specifically, test samples obtained from patients afflicted with a neuronal 
5 disease, for example, Parkinson's disease patient samples can be screened for mutations 
in genomic DNA, as well as RNA by RT-PCR analysis in lymphoblast lines. To assess 
the relative contribution of the two alleles to the mRNA expression in cells from 
patients, we will carry out parallel analysis in genomic DNA and lymphoblast RNA 
(RT-PCR) using polymorphic variations and/or mutations in the coding region to mark 
10 alleles. 

One of skill in the art could easily modify the methods described herein to 
screen other neuronal genes for mutations using intronic and flanking primers (e.g., 
SEQ ID NOS: 30-47) to amplify and scan or sequence genomic DNA isolated from 
patients afflicted with different clinical manifestations of a related disease or disorder 

1 5 suspected of having a common genetic basis. For example, sample can be isolated from 
three types of dystonia patients: those with early onset, generalized dystonia who lack 
the GAG-deletion; those who appear to be homozygous in this 9q34 chromosomal 
region; and a representative AJ individual with late onset dystonia, who shared a 
common haplotype of polymorphic alleles in this region with other late onset AJ 

20 individuals, suggesting a founder mutation. Using the primers (e.g., intronic and 

flanking primer sequences) and methods described herein the TORI A and TOR1B genes 
present in the test samples can be analyzed for mutations by amplifying and screening 
genomic DNA. Further it is anticipated that one of skill in the art could use the cDNA 
nucleotide sequence information provided herein, for example the sequences embodies 

25 by SEQ ID NOS : 48-63, to design and/or isolate other nucleic acid molecules suitable 
for use as probes and primers. In general, a suitable primer will comprise at least about 
15 (e.g., 15, 17, 19, 20, 21) to 50 consecutive nucleotides of a nucleic acid sequence 
from the group consisting of SEQ ID NOS: 48-63. An isolated nucleic acid molecule or 
its complement can be used in combination with each other, or with a primer selected 
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from the group consisting of SEQ ID NOS: 30-39 (DYT1 -specific primers) or SEQ ID 
NOS: 40-47 (TORB-specific primers). 

The intron primers of the invention provide particularly useful tools for 
detecting the presence or absence of different types of neuronal disease in which a 
torsin or torsin-related gene has been implicated. In one embodiment of the invention, 
the primers and methods of the invention are used to detect dopamine-mediated 
diseases. In an alternative embodiment the primers and methods presented herein can 
be utilized to evaluate the role of TORI A or TORB in a movement disorder (e.g., 
dystonia) or a neurodegenerative disease (e.g., Parkinson's disease). The term 
"dopamine-mediated disease"as used herein refers to a disease of a neuron that releases 
or responds to the neurotransmitter dopamine or any compound (e.g., small organic 
molecule, drug) that resembles dopamine in chemical structure or biological response 
(e.g., resulting in an action potential in a post-synaptic neuron). 

Although the invention described herein is exemplified using the primers and 
methods disclosed herein to detect dopamine-mediated disease it is to understood that 
the invention encompasses the use of the disclosed primers and methods to investigate 
the involvement of torsin and torsin-related genes in other neuronal diseases. 

Thus, it is envisioned that any intron primers of the TORI A gene or any of its 
family members, such as torsin, can be used in the methods of the invention. 

In summary, Applicants demonstrate herein that the DYT1 gene which is 
responsible for early onset torsion dystonia encodes a protein (torsinA) which is a 
member of a new family of human proteins with significant homology in their 
functional domains to the heat shock protein (HSP)100/Clp ATPase family of 
chaperonins (Ozelius, L.J., et al, 1997, Nature Genetics 17:40-48). Further, DYT1 is 
expressed in the human brain at high levels in the dopamine neurons of the substantia 
nigra (Augood, S.J., et al, 1998, Ann. Neurol. 43:669-673). Thus, torsinA and related 
proteins may play pivotal roles in the pathogenesis of other neurodegenerative diseases, 
for example, Parkinson's disease, by facilitating correct folding or degradation of 
mutant oc-synuclein and other proteins found in Lewy bodies, thereby protecting 
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dopaminergic neurons from damaging chemical and physical stresses. The importance 
of protein processing/trafficking in neurologic diseases has only recently begun to be 
appreciated (Brooks, A.L, et al 9 1997, Nat Biotech. 15:57-62; Welch, W.J. and 
Gambetti, P., 1998, Nature 392:23-24) subsequent to findings that proteins in these 
5 processing pathways can regulate accumulation of toxic, aggregated proteins, for 
example, amyloidogenic processing of Alzheimer's 6-amyloid precursor protein, and 
involvement of ubiquitin proteolytic signaling domains in an hereditary form of early 
onset parkinsonism and in a disorder of neuronal development, Angelman syndrome. 
Considered together these observations suggest that modifier genes, or physical events, 
10 can determine disease status in individuals bearing specific mutations in one of two 
alleles for either disease gene {e.g., GAG deletion in early onset dystonia). Thus, it is 
likely that disruptive mutations in one or both alleles of the DYT1 and/or RDP genes 
could lead to greater compromise of protein function and a more severe condition, such 
as Parkinson disease. 

1 5 XIV. Methods of Identifying Genes Comprising a Polymorphism that Confers 
Susceptibility to Neuronal Diseases or a Mutation that Mediates Neuronal 
Disease. 

Many families appear to have a genetic predisposition for Parkinson's disease, 
and, in some, the disease follows a clear-cut pattern of autosomal inheritance. One of 

20 the genes responsible for hereditary autosomal dominant, late onset Parkinson's disease 
on chromosome 4q21-23 encodes variant forms of oc-synuclein; another causing 
autosomal recessive early onset Parkinsonism on chromosome 6q25.2-27, bears 
deletions in a novel protein, parkin, which has ubiquitin domains suggesting chaperone 
and proteolytic functions; and a third, as yet unidentified, gene involved in autosomal 

25 dominant, late onset Parkinson's disease has been located to chromosome 2pl3 Gasser, 
T.,etaL 9 1998,Nat. Genet. 18:262-265). Still, many familial cases of Parkinson's 
disease do not map to these loci, and there are undoubtedly additional major loci and 
modifier genes which underlie the occurrence, severity and age of onset of this disease. 
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As stated above, Applicants teach herein that the DYT1 gene is responsible for 
most cases of early onset dystonia (Ozelius, L.J., et al, 1997, Nature Genetics 17:40- 
48). The corresponding transcript is expressed at high levels in dopaminergic neurons 
of the substantia nigra in human brain, as well as in the CA1 region of the hippocampus 
5 and granule layer of the cerebellum (Augood, S.J., et al, 1998, Ann. Neurol. 43:669- 
673). Several lines of evidence suggest that this and other dystonia genes may also 
have a role in some familial forms of parkinsonism. Clinically early onset dystonia and 
Parkinson's disease can be considered a continuum in which compromise of the 
function of dopaminergic neurons in the substantia nigra during childhood leads to 
1 0 dystonic symptoms which persist into adulthood, and extensive death of these neurons 
in adulthood manifests as Parkinson's disease. 

This association between dystonia and parkinsonism suggests that some 
dystonia genes, for example the DYT1 and RDP genes, may be involved in Parkinson's 
disease and vice versa. Early onset dystonia is inherited as an autosomal dominant 
1 5 disorder with 30-40% penetrance, such that most (60-70%) carriers of the defective 

gene are not actually affected (Risch, N.J., et al, 1990, Am. J Hum. Genet. 46:533-538). 
The mean age of onset is nine years beginning with twisting, contracted positioning of 
an arm or leg and progressing to involvement of other limbs and the torso, with no 
remittance and no effective therapy (Bressman, S.B., et al, 1994, Ann. Neurol. 
20 36:771-777). There is a developmental window of susceptibility, such that if a gene 
carrier passes the age of 28 years without onset of symptoms, he/she will usually remain 
disease-free for life. Examination of the brains of early onset dystonia patients after 
death reveals no apparent neuronal degeneration, but from secondary cases, the 
syndrome is believed to arise from dysfunction of neurons in the basal ganglia and 
25 striatum (Hedreen, J.C., et a/.,1988, Adv. Neurol. 50:123-132). Almost all cases of 

early onset dystonia are caused by a three base pair deletion (GAG) in the coding region 
of a novel protein, termed torsinA, resulting in loss of a glutamic acid residue in the 
carboxy terminal region of the protein (Ozelius, L J., et al. , 1 997, Nature Genetics 
17:40-48). Thus, the predisposition to early onset dystonia is caused by a small change 
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in the structure of only some of the torsinA molecules in a cell, with other normal 
torsinA molecules being present, presumably due to a dominant-negative effect of the 
mutant protein, a new function of the mutant protein, or haploinsufficiency of the 
normal protein. The RDP syndrome in some ways bridges early onset dystonia and 
5 Parkinson's disease by sharing features of each. Like both these diseases, RDP (rapid 
onset dystonia with parkinsonism) is inherited as an autosomal dominant condition with 
reduced penetrance (40-75%), onset of symptoms correlates with stressful events, e.g. 
child birth, marathon running, and meningitis, and is associated with apparent reduction 
in dopaminergic neurotransmission. Simultaneous onset of both dystonic and 
10 parkinsonian symptoms occurs in an age interval (14-45 yrs.) between that of onset of 
early onset dystonia and (usually between 5-20 yrs.) and typical Parkinson's disease 
(usually >52 yrs.) 

In addition, several forms of hereditary dystonia, including dopa-responsive 
dystonia (DRD) and X-linked dystonia-parkinsonism (lubag) have predominantly 

1 5 dystonic symptoms in childhood followed by parkinsonian symptoms in adulthood; 
while rapid onset dystonia with parkinsonism (RDP), with an intermediate age of onset, 
presents with both dystonic and parkinson features. Further it is well known that drugs 
which partially block dopamine receptors, such as neuroleptics, can lead to tardive 
dystonia in a substantial fraction of patients (LeWitt, P. A., 1995, "Dystonia caused by 

20 drugs" In: Handbook of Dystonia. Eds.: King, J., Tsui, C, and Calne, D. B., pp. 227- 
240, Marcel Dekker, Inc., New York, N.Y.) Other indications which are consistent 
with a role for dystonia genes include the observations that early onset Parkinson 
patients frequently manifest dystonic postures early in the course of the disease, 
followed later by typical Parkinsonian features; and in some Parkinson patients dystonic 

25 symptoms appear when levels of administered L-dopa are low. 

Effects of dopaminergic drugs also implicate a relationship between the 
molecular etiology of dystonia and Parkinson's disease. Drugs which partially block 
dopamine receptors, such as neuroleptics used to treat psychiatric illness, can lead to 
tardive dystonia in 5-10% of patients (LeWitt, P.A., 1995, "Dystonia caused by drugs" 
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In: Handbook of Dystonia Eds.: King, J., Tsui, C, and Calne, D. B., pp. 227-240, 
Marcel Dekker, Inc., New York, N.Y.) This form of secondary dystonia is thought to 
result from blockade and supersensitivity of dopamine receptors in the striatum, 
resulting from sustained inhibition of dopaminergic neurotransmission. Interestingly, 
5 patients who develop tardive dystonia before the age of 30 years have an increased 
tendency to progress to generalized dystonia, whereas those affected in later life tend to 
have focal dystonias (LeWitt, P. A., 1995, "Dystonia caused by drugs" In: Handbook of 
Dystonia Eds.: King, J., Tsui, C, and Calne, D. B., pp. 227-240, Marcel Dekker, Inc., 
New York, N.Y.) Dystonic symptoms can be ameliorated in some patients with 

10 dopamine agonists, e.g., L-dopa or apomorphine, or drugs which stimulate synaptic 
release of dopamine, e.g., tetrabenazine which under chronic use acts as a dopamine 
depleter. Dystonic movements have also been noted in Parkinson patients under two 
circumstances. In cases of early onset Parkinson's disease, patients frequently manifest 
dystonic posturing early in the course of the disease with later onset of typical 

15 parkinsonian symptoms. Further, detailed symptomatic evaluation of Parkinson 
patients during L-dopa treatment has revealed that in a small percentage of patients, 
dystonic symptoms appear early in the course of treatment, when blood levels of L-dopa 
are still low, resolve when levels are elevated {i.e., at the same time parkinsonian 
symptoms improve), and then reoccur as L-dopa levels drop. These individuals (termed 

20 D-I-D for Dystonia - Improvement of Parkinson's - Dystonia) tended to be relatively 
young and have been hypothesized to represent a genetic subgroup, hi a recent article 
on MPTP inducing dystonia and parkinsonism demonstrated transient dystonia 
preceding hemiparkinsonism, correlated with decreased striatal dopamine in baboons 
treated with MPTP. 

25 While not wishing to be bound by theory, it appears that insufficient release of 

dopamine in the human striatum during childhood can cause predominantly dystonic 
symptoms, which can persist into adulthood and if the insufficiency progresses the 
resulting loss of dopaminergic innervation can result in the onset of parkinsonian 
symptoms. Clinical observations which are consistent with this theory include the fact 
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that several forms of hereditary dystonia: X-linked dystonia-parkinsonism (lubag), 
dopa-responsive dystonia (DRD), and rapid onset dystonia with parkinsonism (RDP), 
manifest parkinsonian symptoms in latter life. Further, lubag a disease which is 
endemic to the Philippines, shows predominantly dystonic features in childhood and 
5 progresses to frank parkinsonism with extensive degeneration of dopaminergic neurons 
in the substantia nigra in adulthood. Dopa-responsive dystonia (DRD) looks clinically 
similar to early onset dystonia during childhood, and also has no apparent 
neuropathology (Ozelius, LJ. and Breakefield, X.O., 1994, Nature Genetics 8:207- 
209). In contrast to typical early onset dystonia, DRD can be virtually cured at any age 

1 0 by administration of L-dopa. Dopa-responsive dystonia has been found to be caused by 
a deficiency in synthesis of dopamine, due either to an autosomal dominantly inherited 
haploinsufficiency of GTP cyclohydrolase I (needed for synthesis of biopterin, the co- 
factor for tyrosine hydroxylase; (Ichinose, H., et al, 1994, Nature Genetics 8:236-242.) 
or to an autosomal recessive loss of tyrosine hydroxylase (Ludecke, B., et al, 1995, 

15 Hum Genet. 95: 123-125; Knappskog, P.M., et al, 1995, Hum. Mol. Genet. 

4:1209-1212). A dominantly inherited rapid onset form of dystonia, RDP, manifests 
with both dystonic and parkinsonian features in mid-life, but with no apparent neuronal 
degeneration. CSF levels of the dopamine metabolite, homovanillic acid (HVA) are 
abnormally low in RDP patients, as well as in some asymptomatic obligate carriers, 

20 suggesting decreased dopaminergic transmission. Early onset dystonia and RDP share 
several interesting features; they are both inherited as autosomal dominant conditions 
with reduced penetrance (about 40% of gene carriers manifest symptoms; Bressman, S. 
B., et al, 1989, Ann. Neurol. 26:612-620); and onset of symptoms is frequently 
associated with stress, including infectious disease, injury or strong physical exertion. 

25 As shown herein torsinA is a heat-shock/chaperone protein. Studies in a 

number of neurodegenerative diseases indicate that such proteins may be critical in 
preventing accumulation of toxic protein aggregates in cells. The finding that torsinA is 
highly expressed in the dopaminergic neurons suggests that these neurons maybe 
especially dependent on it for protein trafficking and/or protection from stress (Augood, 



0838.1001-009 



-91- 

S J., et al, 1998, Ann. Neurol 43:669-673). By analogy, although there are many 
tumor suppresser proteins, they are differentially expressed in various cell types, such 
that loss of function of the ubiquitously expressed retinoblastoma protein preferentially 
causes retinoblastoma tumors. Thus developmentally immature retinoblasts appear to 
5 rely essentially exclusively on this tumor suppressor protein for control of cell growth. 
The mutation in torsinA responsible for early onset dystonia is a very discrete one with 
80% of cases having a predicted loss of a single glutamic acid residue only in half the 
cellular torsinA proteins. Still, expression of this mutant protein creates a metastable 
condition such that another insult, either genetic or environmental, during (and only 

10 during) early life can precipitate a permanent dystonic state (without apparent 

neurodegeneration) in 30% of carriers. Because of its role as a protective protein, it is 
feasible that a polymorphism could confer increased risk (e.g., a genetic predisposition 
or increased susceptibility) to the development of a neuronal disease and that a mutation 
can mediate pathologic consequences, for example damage and/or death of 

15 dopaminergic neurons in concert with other genetic and environmental factors. 

Thus, another embodiment of the instant invention provides a method of 
detecting the presence or absence of a polymorphism or mutation in a neuronal gene 
(e.g., TORI A, TOR1B, TORP1 or TORP2) in a mammal. More specifically, it is 
envisioned that the nucleotide sequence information disclosed herein would enable one 

20 of skill in the art to isolate probes and primers which can be used in the methods taught 
herein to predict an individual's susceptibility to a neuronal disease or to identify 
particular mutations associated with a phenotype that is consistent with a particular 
neuronal disease. 

In summary, based on the clinical and neuroanatomical correlations between 
25 dystonia and Parkinson's disease, and on the predicted protective function of torsinA 
and related family members, it is reasonable to believe that: 1) different mutations in 
the same genes (e.g., intron sequences) can underlie both dystonia and Parkinson's 
disease; 2) torsinA and homologous proteins, torsinB and the torps, may serve to 
protect neurons from stress conditions and/or facilitate correct folding of proteins, such 
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as a-synuclein; and 3) loss of torsinA will compromise function of dopaminergic 
neurons, thereby altering synaptic communication in the striatum. 

The following Examples are offered for the purpose of illustrating the present 
invention and are not to be construed to limit the scope of this invention. The teachings 
5 of all references cited herein are hereby incorporated by reference. 
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EXAMPLE1: CHROMOSOMAL DN A 
Clinical criteria and patient samples 

Individuals and families were ascertained from a database of patients diagnosed 
and treated by members of the Movement Disorders Group at Columbia Presbyterian 
5 Medical Center and the Movement Disorders Division at Mount Sinai Medical Center 
(New York), and through advertisements in the newsletters of the Dystonia Medical 
Research Foundation. The criteria for the diagnosis of primary torsion dystonia and the 
method of evaluation were the same as described previously (Bressman, S.B., et al, 
1994, Ann. Neurol. 36:771-777). All subjects gave informed consent prior to their 
10 participation in the study. 

Two groups of individuals with primary dystonia were considered. The first 
group consisted of known DYT1 gene carriers from four non- Jewish families 
previously linked to chromosome 9q34 (Kramer, P., et al, 1994, Am. J. Hum. Gen. 
55:468-475). These four families were chosen from the seven previously described 
1 5 families based on individual family lod scores of >+2 at 9q34 markers. Included in this 
group were also Ashkenazi individuals who carried the founder haplotype of 9q34 
alleles (Bressman, S. B., et al, 1994, Ann. Neurol 36:771-777). The second group of 
individuals had primary dystonia but their linkage status was unknown, i.e., non- Jewish 
and non- Ashkenazi Jewish individuals from small families and Ashkenazi Jewish 
20 individuals who did not have the founder haplotype. This latter group was further 
subdivided into three clinical subgroups, based on previous studies delineating the 
DYT1 phenotype (Bressman, S.B., etal, 1994, Ann. Neurol. 3,6:11\-111; Bressman, S. 
B., et al, 1994, Neurology. 44:283-287; Kramer, P., et al, 1994, Am. J. Hum. Gen. 
55:468-475). These subgroups are: 1) typical or likely DYT1 phenotype: i.e., early 
25 (<28 years) limb-onset with spread of dystonia to at least one other limb, but not to 
cranial muscles; 2) atypical or unlikely DYT1 phenotype; i.e., focal or segmental 
cervical-cranial dystonia of any age at onset, or writer's cramp beginning after age 44 
years; 3) uncertain DYT1 phenotype; i.e., dystonia not fitting into either of these other 
categories, such as writer's cramp beginning before age 45, cervical or cranial-onset 
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dystonia spreading down to limbs, or limb-onset spreading up to cranial muscles. 
Patients with symptoms typical of early onset dystonia were also categorized as 
uncertain if they had confounding neurological abnormalities. 

The four uncertain cases that carried the GAG-deletion are described below. 
5 One had a clinical phenotype typical for DYT1, but was classified as uncertain because 
she had polio as a child, possibly confounding the classification. Another carrier was 
also typical of DYT1 but was classified as uncertain because of concurrent head tremor 
and a family history of head and arm tremor. The remaining two carriers had features 
of typical early onset dystonia; one had early limb onset which spread to other limbs, 
10 but also to cranial muscles, and the other had onset in an arm spreading to the neck. 

In families of unknown linkage status with multiple affected members a single 
classification was assigned to all affecteds within the family. If families had members 
with both uncertain and typical phenotypes, a classification of typical was assigned; if 
families had members with both uncertain and atypical phenotypes, a classification of 
15 atypical was assigned; if families had members with both atypical and typical 
phenotypes, a classification of uncertain was assigned. 

Individuals with a wide range of ethnic and geographic ancestry were also 
sought to be included. This study was approved by the review boards of both 
institutions. 

20 DNA Isolation, Lymphoblast Lines and Southern Blots 

Venous blood samples were obtained from participating individuals. DNA was 
extracted from whole blood (Gusella, J, et al., 1979, Proa Natl Acad. Set USA 
76:5239-5242) or from lymphoblast lines established from blood lymphocytes by EBV 
transformation (Anderson, M. and Gusella, J., 1984, In Vitro. 29:856-858). CEPH 

25 pedigree DNA was obtained from CEPH (Centre d'Etude du Polymorphisms Humain, 
Paris, France). For Southern blots genomic DNA was digested with PstI, Hindffl and 
EcoRI (NEB) according to the manufacturer's instructions. Digested DNA was 
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resolved on 1% agarose gels at 70V for 16 h. Southern blotting was performed using 
standard techniques and the filters were hybridized to cDNAs (see below). 

Isolation of RNA, Northern Blots, RT-PCR 

Cytoplasmic RNA was isolated from lymphoblasts and fibroblasts established 
5 from patients and controls (Sambrook, J., Fritsch, E.F., and Maniatis, T., 1989, In: 
Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor). Total RNA was extracted from human adult and fetal tissue obtained 
at autopsy using the guanidinium thiocyanate method (Chirgwin, J.M., et al, 1979, 
Biochem. 18:5294-5300). Tissues were obtained from both control and DYT1 carrier 

10 individuals and included brain cortex, cerebellum, hippocampus, lung, liver, muscle, 
placenta, spleen, thyroid, intestines, and eye. A Northern blot was prepared from this 
RNA following standard procedures (Sambrook, J., Fritsch, E.F., and Maniatis, T., 
1989, In: Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor). In addition, Northern blot filters containing 2 ug of poly 

1 5 (A+) RNA from 8 different adult human tissues and four different fetal human tissues 
were used (Clontech). First strand cDNA synthesis was performed on lymphoblast 
RNA samples with oligo-dT and random primers using Superscript II reverse 
transcriptase (Gibco; Newman, P. J., et al, 1988, J. Clin. Invest. 22:739-' '43). The 
reactions were carried out at 42°C for 90 minutes followed by gene specific PCR 

20 amplification to generate the various cDNAs in the critical DYT1 region from patients 
and controls. 

Cosmid Contig 

Cosmids were isolated from two human chromosome 9-specific libraries: the 
Lawrence Liver-more library, which was constructed in Lawrist 16 using DNA from a 
25 chromosome 9-only somatic cell hybrid (van Dilla, M. A. and Deaven,L.L., 1 990, 
Cytometry 1 1 :208-2 1 8); and the Los Alamos library, which was constructed in sCos 
(Stratagene) from flow-sorted metaphase human chromosomes (Deaven, L.L., et al, 
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1986, Symp. Quant. Biol. 51:159-167). Cosmid colony grid filters were stamped and 
prepared for hybridization as described (McConnick, M.K., et al, 1993, Genomics. 
18:553-558; Murrell, J., et al, 1995, Genomics. 25:59-65). Filters were screened with 
gel-purified YAC DNA from a 400 kb critical region and over 800 positive colonies 
5 were picked, gridded and stamped for hybridization. A cosmid walk was initiated from 
both ends of the critical region starting with the end clone of cosmid LL09NC0150H1 1 
and several D9S63 positive cosmids (18D5LA, 37H5LA). End sequences of 
hybridizing cosmids were used to generate PCR primers to continue the walk by 
re-screening grids. The resulting set of about 60 cosmids was digested with EcoRI and 

1 0 fragments were resolved by agarose gel electrophoresis to distinguish similar and novel 
regions. An overlapping subset of 1 1 cosmids was then aligned by digestion with 
EcoRI, Xhol and NotI in a series of single and double digests. Fragments were resolved 
by electrophoresis in 1% agarose gels, transferred to Southern blots and hybridized to 
cosmid ends, exons and unique sequence in the region, generated by PCR or with 

1 5 synthetic 20 bp oligonucleotides. 

Hybridization 

Probes (gel-purified YAC DNA, cosmid ends, exon clones, PCR products and 
cDNAs) were labeled by random priming (Feinberg, A.P. and Vogelstein, B., 1984, 
Anal. Biochem. 137:266-267) using a- 32 P-dATP (3000 Ci/mmol; NEN). 

20 Oligonucleotides were end-labeled with T4 polynucleotide kinase (NEB) using a- 32 P- 
dATP (6000 Ci/mmol; NEN). Probes were preannealed with CotI DNA, human 
placenta DNA and vector DNA, as necessary to saturate repeat sequences. 

Hybridizations were performed in Church-Gilbert buffer at 55°C overnight 
Northern filters were hybridized in 5X SSPE, 50% formamide, 5X Denhard's solution, 

25 0.5% SDS and 300 |Lig/mL salmon sperm DNA overnight at 42°C. Filters were washed 
and exposed to autoradiographic film as described (Murrell, J., et al, 1995, Genomics. 
25:59-65). 
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Exon Amplification, cDNA Library Screening and Extension 

Exon amplification was performed on cosmids spanning the region using 
vectors pSPLl (Buckler, A.J., et al, 1991, Proc. Natl. Acad. Sci. USA 88:4005-4009) 
and pSPL3-IV. RT-PCR products were digested with BstXl to eliminate vector-only 
5 products (Church, D.M. et al, 1994, Nat. Genet. 6:98-105). Cloned exon fragments 
were used to screen human fetal and adult cDNA libraries by colony hybridization 
(Sambrook, J., Fritsch, E.F., and Maniatis, T., 1989, In: Molecular Cloning. A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor). 
Libraries were prepared in ZAP by Stratagene and included adult human striatum, 

10 hippocampus, substantia nigra, caudate putamen, brainstem, heart, spleen and liver, and 
fetal human brain and retina. The sequences generated from these cDNA clones were 
aligned and edited using the Sequencher program (Gene Codes). cDNA contigs were 
extended in two ways - by re-screening libraries with PCR fragments generated from 
the ends of the contig; and by using 5' and 3' RACE and THON PCR systems 

15 (Frolunan, M. A., et al, 1988, Proc. Natl. Acad. Sci. USA 85:8998-9002; Apte, A.N. 
and Siebert, P.D. 1993, Biotechniques 15:890-893) as modified by Clontech. 

Sequencing 

Dideoxy sequencing was performed using the Sequitherm Long Read Cycle 
Sequencing Kit (Epicenter Technologies) either with infrared labeled vector primers for 

20 the LICOR sequencing machine or with specific primers labeled with a- 33 P-dATP 
(2000 Ci/mmol, NEN) for standard sequencing. Direct sequencing of PCR products 
was done using an enzymatic cleanup process with exonuclease I and shrimp alkaline 
phosphatase (USB) for 15 minutes at 37°C and 15 minutes at 85°C, followed by 
sequencing with Sequenase (USB). The LICOR sequence was read using the 

25 BaselmaglR software package (LICOR) which includes data collection and image 

analysis software. The oc- 33 P-dATP gels were transferred to 3 MM Whatman, dried and 
exposed to autoradiographic film overnight and then read and entered manually into the 
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GCG programs (Wisconsin Package Version 9.0, Genetics Computer Group, Madison, 
WI). 

SSCP Analysis 

DNA sequences were screened for mutations by PCR of 100 - 300 bp fragments 
5 followed by SSCP analysis, using first strand cDNAs synthesized from patient and 
control lymphoblast RNA and genomic DNA. PCR reactions were performed as 
described (Ozelius, L., et al., 1992, Am. J. Hum. Genet. 50:619-628). SSCP analysis of 
the PCR amplification products was carried out as described (Orita, M., et al., 1989, 
Genomics. 5:874-879; Hayashi, K. and Yandell, D.W. 1993, Hum. Mutation. 

10 2:338-346). All fragments with altered migration were sequenced directly and 

evaluated in families to check inheritance, and in controls to determine whether they 
represented normal polymorphisms. When single base pair changes altered restriction 
sites, restriction digestion of PCR products was used to replace SSCP analysis. In these 
cases, standard PCR was performed in a 25 ul final volume without radioactivity. The 

1 5 PCR products were digested according to manufacturer's instructions (NEB) and 

visualized by staining with ethidium bromide after electrophoresis in 2-3.5% agarose 
gels. 
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EXAMPLE 2: COSMID CONTIG AND TRANSCRIPT MAP 

A cosmid contig was constructed across the 150 kb target region on 
chromosome 9q34 between polymorphic markers, D9S2161 and D9S63 to facilitate 
identification of genes. Gridded arrays of cosmids from two chromosome 9-specific 
5 libraries were screened initially with four YACs: 8HI2, 1 83D9, 25 1H9 and 

22A4,spanning this region. A positive subset of cosmids was screened sequentially 
with end sequences from cosmids, starting on the centromeric side with the end of 
cosmid LL09NCO150H11, which hybridized to YAC 8H12, and, at the telomeric end, 
with D9S63-positive cosmids, 37F5LA and 18D5LA, which hybridized to the other 
0 three YACs. New overlapping cosmids were compared by restriction digestion and gel 
electrophoresis, and end sequences were obtained from novel fragments and used to 
rescreen secondary cosmid grids. A cosmid contig with over 3-fold redundancy was 
generated across the genomic region between LL09NC0150H1 land 37F5LA. A 
restriction map was constructed using a representative subset of 1 1 overlapping cosmids 
5 by determining fragment sizes following gel electrophoresis of single and double 
digests using the restriction enzymes, EcoRI, Xhol and Notl. Fragments were aligned 
by size and hybridization patterns using markers D9S2161 and D9S63, cosmid end 
clones, cloned exons, and oligonucleotides from unique regions (FIG. 1). The 
estimated length of the contig between the defining markers is 150 kb. 
) Genes in this region were identified by exon amplification, which allows 

cloning of exons by virtue of flanking splice sites in genomic DNA during cellular 
processing of RNA expressed by splicing vectors (Buckler, A. J., et al, 1991, Proc. 
Natl. Acad. Sci. USA 88:4005-4009; Church, D.M., et al, 1994, Nat. Genet. 6:98-105). 
A subset of cosmids from the critical region were digested with PstI or Sad, or with 
both BamHI and BglH, and cloned into these vectors. Of over 60 putative exons 
trapped, 28 produced independent sequences. These exon clones were then used to 
screen human cDNA libraries from different human adult and fetal tissues, which had 
been generated by priming with oligo dT or random primers. Five cDNAs were 
represented in multiple overlapping clones: DQ1 from fetal brain, adult frontal cortex 
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and adult liver; DQ2 from adult substantia nigra, hippocampus and frontal cortex; DQ3 
from adult frontal cortex; DQ4 from adult frontal cortex and fetal brain; and DQ5 from 
adult occipital cortex, substantia nigra and frontal cortex. All but three of the 28 unique 
putative exons were accounted for by these cDNAs. Hybridization of these three to 
5 Northern blots from a number of adult human tissues (Clontech) revealed no 
corresponding message species. Further screening of cDNA libraries with these 
putative exons did not yield positive clones. Therefore these three may be the result of 
cryptic splice junctions or may represent low abundance messages. 

The five cDNAs were extended in both directions by 5' and 3' RACE (Frohman, 
^ 10 M. A., et al, 1988, Proc. Natl. Acad. Sci. USA 85:8998-9002) and sequenced in 
: 0 multiple clones. Transcripts were then aligned across the cosmid contig by hybridizing 

y Southern blots of restriction digested cosmid DNA with 5* and 3' cDNA ends, exon 

; clones and oligonucleotides corresponding to cDNA sequence. Estimated genomic 

«■ regions covered by these genes are: 8 kb for DQ1; 13 kb for DQ2; 10 kb for DQ3; 52 kb 

15 forDQ4and>40kbforDQ5. Since only the 3' untranslated region of cDNADQ5 
"J overlapped the critical interval, this gene was excluded from this study. Given the 

^ extensive exon trapping carried out in this region, and the fact that 2- 1 0 exons were 

identified for each cDNA, it is possible that these transcripts account for all the genes in 
the critical region. However, several large regions (> 10 kb each), one centromeric to 
20 DQ 1 and two within the first two introns of DQ4, could contain other genes, 

particularly genes with one or no introns that would be missed by exon amplification. 
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EX AMPLE 3: SEQUENCE OF cDNAs 

DQ1 (encoding a torsinB sequence, SEQ ID NO: 4) and DQ2 (encoding a 
torsinA sequence, SEQ ID NO: 2) are highly homologous transcripts with 72% identity 
at the nucleotide level and 69% amino acid identity in the predicted protein sequence. 
5 The genes are in opposite orientations with their 3' ends <12 kb apart in the genome. 
The longest transcript for DQ2 consists of 2,072 bp with a predicated open reading 
frame of 998 bp from nucleotide 43 to 1041 of (SEQ ID NO: 5). A composite 
nucleotide sequence of the torsinA gene comprised of genomic and cDNA sequence is 
set forth in SEQ ID NO: 1. A composite nucleotide sequence of the torsinA gene 
1 0 comprised of cDNA sequence is set forth in SEQ ID NO: 5. 

The sequence around the putative ATG translation start site contains the critical 
-3 purine residue, but none of the other features of the Kozak consensus sequence 
(Kozak, M., 1987, Nucleic Acids Res. 15:8125-8148). There is an in-frame termination 
codon in overlapping genomic sequence from cosmid 23 GILA starting 365 bp 
1 5 upstream of the 5'end of this cDNA. The 3' untranslated portion is 1 03 1 bp long and 
contains two poly A + addition sites, one, ATTTAAA, at nucleotide 1390 and the other, 
AATAAA, at nucleotide 2054, with poly A tails present about 20 bp down from each of 
them in several of the cDNA clones. 

The cloned DQ2 cDNA appears to be essentially full length based on the sizes 
20 of corresponding transcripts. Clone H4, ATCC Accession No. 98454 contains 

nucleotides 99 to 1377 as set forth in SEQ ID NO: 5. Northern blots of adult and fetal 
human RNA showed two ubiquitous messages of about 1.8 kb and 2.2 kb which 
hybridized to a probe from the coding portion of the cDNA. Only the 2.2 kb message 
hybridized to sequences 3' to the first poly A + addition site, indicating that the larger 
25 species may represent utilization of the second poly A + addition site. In fetal brain, lung 
and kidney, as well as adult brain, heart and pancreas, another message species of about 
5 kb was present in low abundance. The 1.8 kb and 2.2 kb messages, and no novel 
species, were seen in autopsy tissues from AJ individuals bearing the founder mutation, 
including adult, lymphoblasts, fibroblasts and cerebellum, as well as fetal brain, muscle, 
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spleen, intestines, eye, lung and liver. The open reading frame of transcript DQ2 
predicts a 6.81 pi polypeptide of 332 amino acids with a calculated molecular weight of 
37,813 D, which is termed torsinA (SEQ ID NO: 2). 

cDNA DQI is 2504 bp with an open reading frame of 802 bp (SEQ ID NOS: 6 
5 and 7) and was deposited at the ATCC as Accession No. 98455. Based on the strong 
similarities between cDNAs DQI and DQ2, and between genomic sequence 5' to cDNA 
DQI in cosmid 54A5LA and the 5' coding end of cDNA DQ2, the methionine start site 
for the DQI message is probably not in the existing DQI clone. The nucleotide 
sequence set forth in SEQ ID NO: 3 and the corresponding amino acid sequence set 

1 0 forth in SEQ ID NO: 4 were generated from a combination of genomic and cDNA 
sequence. The 3' untranslated portion is 1702 bp long with a poly A + addition site, 
AATAAA, at position 2483 and a poly A tail about 20 bps downstream (SEQ ID NO: 
7). Northern blot analysis revealed a ubiquitously expressed message of about 2.8 kb, 
present at low levels in adult brain, but not detectable in fetal brain. The open reading 

1 5 frame of the existing clone encodes 290 amino acids, suggesting that the corresponding 
protein, which we have named torsinB, has a molecular weight > 32,000 D (SEQ ID 
NO: 4). 

EXAMPLE 4: MUTATIONAL ANALYSIS 

Two possible mechanisms of mutation were considered in this dominant 

20 disorder: disruptive mutations, which would inactivate the protein and result in 

haploinsufficiency of the encoded protein; and missense mutations, which would cause 
a "gain-of-function" or "dominant negative" effect of the mutant form of the protein 
that would override the function of the normal protein or interfere with other proteins. 
Gross alterations in sequence were excluded by Southern blot analysis using 

25 genomic DNA from 30 dystonia patients from different ethnic backgrounds hybridized 
to the four cDNAs. Transcripts from the critical region were then screened for 
sequence variations using lymphoblast RNA from 14 individuals affected with torsion 
dystonia from different families representing 12 unique haplotypes in an extended 
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region surrounding the DYT1 gene (D9S62a to ASS) and two control individuals, one 
AJ and one non- Jewish. Of these 12 unique haplotypes, four were from families that 
demonstrated clear chromosome 9 linkage. Theses included four non- Jewish families 
(Kramer, P., et ah, 1994, Am. J. Hum. Gen. 55:468-475), two of which were 
5 French-Canadian and shared a common haplotype and the AJ founder mutation. The 
four distinct disease-linked haplotypes in these six families were initially assumed to 
represent independent mutations in DYT1. After initial RT-PCR with primers in the 3' 
and 5' end of the transcripts, nested PCR was carried out in overlapping fragments of 
150-300 bp. Fragments were resolved by SSCP analysis and all variant bands were 
1 0 sequenced in both directions. All transcripts showed a number of variations in both 
coding and noncoding regions. Most of these were "silent," involving single base pair 
substitutions in the 5' and 3' untranslated regions or in the third position of triplet 
codons, such that the encoded amino acid would not be altered. Only three of these 
changes affected the amino acid sequence: 1) valine isoleucine in DQ4; 2) aspartic acid 
15 histidine in DQ2; and 3) deletion of a glutamic acid in DQ2. All sequence variations in 
the coding regions were analyzed in genomic DNA after determining the exon/intron 
structure in cosmid DNA. All of these nucleotide changes, except one - the 
GAG-deletion in DQ2 (SEQ ID NO: 5 at nucleotide positions 946-948), were 
confirmed as polymorphisms by their presence in control samples. Surprisingly, the 
20 GAG-deletion in DQ2 was present in all six individuals representing the four confirmed 
DYT1 -linked haplotypes. 

To pursue this finding, the co-segregation of the GAG-deletion with carrier 
status in all known chromosome 9-linked families was examined, as well as in a large 
number of AJ and non- Jewish controls. This GAG-deletion was analyzed using PCR 
25 products generated from genomic DNA samples in three ways: SSCP, direct 
sequencing, or digestion with BseRI, which cuts 10 bp downstream of the normal 
GAGGAG sequence, but does not cut the 5 GAG-deletion sequence. The association of 
the GAG-deletion with carrier status in the chromosome 9-linked families was 
complete. All 261 affected and unaffected obligate gene carriers in 68 chromosome 
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9-linked families were heterozygous for this deletion (including 64 AJ families carrying 
the founder haplotype and 4 non- Jewish families). Strikingly, the deletion was not 
present in 260 AJ and 274 non- Jewish control chromosomes, and was never observed in 
the homozygous state in any individual. 
5 To further assess the role of this deletion in primary dystonia, an additional 1 55 

individuals with varying clinical manifestations from families which were too small for 
linkage analysis were typed. The association with the typical manifestation of early 
onset torsion dystonia was very strong in these families. Among 41 cases of typical 
early onset dystonia from 19 different families, all affected individuals in 14 of the 
1 0 families carried the GAG-deletion, while affected individuals from five other families 
did not. Affecteds from two of these five families are suspected to have 
dopa-responsive dystonia, which closely mimics the phenotype of DYT2, but were 
unconfirmed. Some typical cases that do not carry the GAG-deletion may have other, 
as yet unidentified, mutations in DQ2, or mutations in other genes; for example, 
1 5 features of the D YT 1 phenotype occur in some individuals who carry a mutation on 
chromosome 8. Among 38 cases (from 1 1 AJ, 27 non-Jewish families), for which the 
diagnosis of early onset dystonia was uncertain, four carried the GAG-deletion (1 AJ, 3 
non- Jewish) while the remaining 34 did not (for clinical description of these four 
uncertain carriers see Methods.). Among the 76 individuals classified as atypical, that 
20 is not having features typical of early onset dystonia (36 AJ, 2 Sephardic Jewish [SJ] 
and 38 non-Jewish families), none carried the GAG-deletion. Collectively, these 
observations provide compelling evidence that the GAG-deletion is responsible for the 
vast majority of cases of typical early onset dystonia. These include individuals of AJ 
descent, in whom the founder mutation causes >95% of cases (Risch, N., et al, 1995, 
25 Nature Genetics 9: 1 52- 1 59), as well as most non- Jewish cases of varied ethnic 
backgrounds. 

The identification of a single mutation (GAG-deletion) on affected 
chromosomes responsible for almost all cases of typical early onset dystonia is 
remarkable. Two possible explanations may account for this surprising finding: 1) all 
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these cases may be ancestrally related, representing a unique founder mutation which 
predates the introduction of this mutation into the AJ population; or 2) the same 
mutation has arisen independently, and is the only change (or perhaps one of a few) that 
can result in the early onset dystonia phenotype. To distinguish between these 
5 possibilities, three polymorphic sequence variations (A, B, and C) were identified in a 5 
kb region surrounding the GAG-deletion and used these to perform a more detailed 
allelic analysis. In affected individuals carrying the four confirmed DYT1 -linked 
haplotypes, two different patterns of alleles were observed, 1, 1, 2 on three of the 
disease-bearing chromosomes (families 5, 9, and 16) and 1, 2, 1 on one of the 
1 0 disease-bearing chromosome (family 1 ). This finding clearly supports the idea that the 
same mutation (GAG-deletion) has arisen more than once. Sixty AJ and 60 non- Jewish 
control individuals were also typed with these markers and the frequencies determined 
for the different allele patterns. Among the controls, only three patterns were observed 
at loci A, B, C: 1, 1, 2 (AJ controls = 68%; non- Jewish controls = 55%); 1, 2, 1 (AJ = 
1 5 20%; non- J ewish = 34%); and 2, 1 , 2 (AJ = 1 2%; non- Jewish 1 1 %), suggesting that 
these polymorphisms are in strong linkage disequilibrium with each other. The high 
frequency of the 1, 1, 2 pattern in GAG-deleted chromosomes in 9-linked families is 
consistent with the high incidence of this pattern in controls and is not in conflict with 
independent mutations. When the other 18 GAG-deleted chromosomes in patients with 
20 unknown linkage status were typed for A, B and C alleles- 1 5 carried 1,1,2 (families 
2-4, 6-8, 10-15, and 17-22), one had the 1, 2, 1 pattern (family 2) and two others 
(families 3, 4) were unphaseable but likely have the 1, 2, 1 pattern. These observations 
support the conclusion of at least two independent mutations but the high frequency of 
the 1, 1, 2 pattern in the normal population might mask our ability to distinguish 
25 additional independent events. 

To examine whether the individuals bearing identical allelic patterns at markers 
A, B, and C showed additional evidence of common ancestry, their haplotypes were 
investigated at flanking microsatellite markers (D9SI59, D9S2160, D9S2161, D9S63 
and D9S2162). This analysis revealed that the four individuals carrying the uncommon 
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(1, 2, 1) pattern at A, B, C are likely to share a common ancestry (families 1-4). All of 
these families come from the same region of North Carolina and Virginia, have British 
ancestry, and affected individuals share alleles across ;>200 kb surrounding the 
GAG-deletion. Examination of the remaining 18 chromosomes, all of which carry the 
same (1,1,2) haplotype, also reveals some interesting commonalities that fall into two 
categories. First, three families share a portion of the alleles characteristic of the AJ 
founder mutation. The S J individual (family 6) carries a haplotype at four loci which is 
identical to the Ashkenazi founder haplotype (family 5). A natural question is whether 
the disease chromosome in this Sephardic individual was introduced recently through 
an unidentified Ashkenazi ancestor, or alternatively whether this progenitor mutation 
existed in the Jewish population prior to the separation of the Sephardim from the 
Ashkenazim approximately 1,000 years ago. The affected individual in family 7, 
reported to be non- Jewish of mixed English and Austria-Hungarian ancestry, was 
consistent with carrying the founder AJ chromosome across the whole 500 kb haplotype 
region. It is likely that this individual has inherited the DYT1 gene from a recent 
Ashkenazi ancestor. A third, possibly related chromosome was found in an Italian 
family (family 8). This individual shared the AJ founder alleles ;>90 kb centromeric to 
the GAG-deletion. This raises the intriguing possibility of a Mediterranean origin for 
this mutation predating its introduction into the Ashkenazi Jewish population. 
Alternatively, as before, the chromosome could be of more recent Ashkenazi ancestry. 
Second, three common haplotypes are found in other families, distinct from the AJ 
founder haplotype: 1) family 9 (German origin) shared the haplotype across >420 kb 
with family 10 (Irish origin), and apparently with family 1 1 (Ashkenazi Jewish; 
although was unphased). The long stretch of DNA shared by these individuals suggests 
a common origin, despite the varied ethnicity. 2) Two of the French-Canadian families 
(12 and 13) also bear a shared haplotype over a smaller region, > 130 kb. Thus, there 
may be shared ancestry here as well, but in the more distant past. 3) Another two 
families, 14 (German origin) and 15 (Irish origin) shared the same haplotype across 
>320 kb. Among the remaining families, there appears to be an additional seven 



0838.1001-009 

-107- 

haplotypes. In total, there appears to be at least 12 distinct classes of haplotypes, 
suggesting that the same mutation has occurred at least that many times, however, it 
remains possible that all of the chromosomes with the 1,1,2 pattern are ancestrally 
related in the very distant past. 
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Discussion 

Positional cloning was used to identify a strong candidate for the DYT1 gene on 
human chromosome 9q34 which is responsible for the early onset form of p dystonia. 
Mutational analysis revealed a 3-bp deletion in the coding on of a transcript which was 
5 the only non-polymorphic change identified on disease-bearing chromosomes. This 
mutation was uniquely associated with typical cases of early onset dystonia and appears 
to have arisen independently on different haplotypes in a number of ethnic groups. 
Thus, apparently only one, or one of a few variations in the encoded protein can give 
rise to this particular phenotype. The deletion results in loss of one of a pair of glutamic 

10 acid residues near the carboxy terminus of a novel protein, termed torsinA. These 

glutamic acids and flanking cysteine residues are conserved in an adjacent, homologous 
human gene, encoding a protein termed torsinB, and in related mouse and rat 
sequences. TorsinA and B define a new family of ATP-binding proteins with a distant 
relationship to the HSPlOO/Clp family of proteins (Schirmer, E.C., et al, 1996, TIBS. 

15 21:289-296). 

Insights into the protein relationships and possible function of torsinA were 
revealed by searches of GenBank protein databases. A closely related deduced protein 
sequence is encoded by cosmids from Caenorhabditis elegans, here termed, 
torsin-related protein in C. elegans (torpCel). ESTs were also identified corresponding 

20 to human, mouse and rat torsinA and torsinB, as well as to two other related proteins, 
torpl and torp2. FIG. 4A shows an amino acid alignment of these predicted proteins. 
The glutamic acid pair, bearing the deletion in affected individuals, is conserved in all 
human, rat and mouse torsinA and torsinB transcripts, suggesting it is part of a 
functional domain. Although the glutamic acid pair is absent in the torps, the 

25 neighboring residues are fairly well conserved, including the cysteine residues which 
flank this region. A phylogeny analysis suggests that torsinA and torsinB are most 
closely related to each other (-70% amino acid sequence identity), and that they and the 
torps are equally distant (-50% identity). A more distant similarity to known proteins 
offers some insight into potential function: the middle -200 amino acids of the torsins 
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and torps are similar to a conserved domain in the HSPlOO/Clp family of proteins 
(Schirmer, E.C., et al, 1996, TIBS. 21 :289-296; Perier, F., et al, 1995, Gene. 
152:157-163). Members of the HSPlOO/Clp family have chaperone functions or 
proteolytic activity, which can confer thermotolerance, allow correct folding of proteins 
5 and regulate protein signaling (Parsell, D.A., et al, 1993, Annu. Rev. Genet. 

27:437-496). HSPlOO/Clp proteins are distinguished by two features: they bind ATP 
and/or have ATPase activity; and they occur in oligomeric complexes with one or more 
additional protein species. FIG. 4C compares the torsin family to two representative 
members of the HSP100 protein family: HSP101, a heat shock protein from soybeans 
10 in the HSP100 Subfamily IB; and SKD3, a ubiquitous mouse protein in the Subfamily 
2M (Perier, F., et al, 1995, Gene. 152:157-163; Schirmer, E.C., et al, 1996, TIBS. 
21 :289-296). The most robust feature is a conserved ATP/GTP-binding sequence 
comprising two motifs: the nucleotide-binding site "A" (GxTGxGKT/S; SEQ ID NO: 
65) followed -60 amino acids later by the Mg^-binding site "B" (ShhhFDEhEKxH; 
15 SEQ ID NO: 66), where x indicates variable residues and h indicates hydrophobic 

residues (Walker, J.E., etal, 1982, EMBOJ. 1:945-950; Confalonieri, F. andDuguet, 
M, 1995, Bioessays. 17:639-650). In a conserved stretch of 140 amino acids that 
include the nucleotide binding domain, torsin family members are 25-30% identical to 
HSP100 family proteins. Key residues of the HSP100 consensus site IV (Schirmer, E. 
20 C, etal, I 996, TIBS. 2 1 :289-296) and another site (SN; FIG. 4C) are also conserved, 
but consensus site V is absent in the torsins. Interestingly, a mutation in the carboxy 
region of the E. coli HSIV/ClpY in this family blocks binding to its companion protein 
(Missiakas, D, et al, 1996, EMBO J. 15:6899-6909). The discrete lutamic acid 
deletion in the carboxy end of torsinA would be consistent with the ability of the mutant 
25 protein to interfere with binding and activity of other subunits. It is tempting to 

consider torsinA in the same superfamily as the heat shock/proteolytic proteins, as it 
would be consistent with a dominant-negative effect mediated by disruption of a 
multimeric complex. 
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There are few other clues from the deduced protein sequences of this apparently 
new class of proteins that yield insight into their function. The forty-one amino acids at 
the putative N-terminal of torsinA consist of two 20 amino acid hydrophobic domains. 
The first of these begins with two basic amino acids, and ends with a polar and an 
5 acidic amino acid; it fulfills the criteria of a leader sequence for a transmembrane or 
membrane translocated protein (Boyd, D., et al % 1990, Cell 62:1031-1033). There are 
several possible phosphorylation sites which are conserved in both torsinA and torsinB: 
two for protein kinase C, and one for casein kinase II; as well as a number of putative 
N-myristylation sites (Prosite analysis). Six cysteine residues are conserved with other 

10 torsin family members (FIG. 4B). 

The finding of the same 3 -bp mutation in the heterozygous state in most cases of 
typical early onset dystonia is surprising. There are only a few examples of recurrent 
mutations which cause dominantly inherited conditions. These include: loss of a 
positively charged arginine in the fourth transmembrane helix of the I subunit of the 

15 L-type voltage sensitive calcium channel, which is the only type of mutation found to 
cause hypokalemic periodic paralysis (Grosson, C.L., et al, 1995, Neuro. Disord. 
6:27-31; Fontaine, E. ? et ai 9 1994, Nat. Genet 6:267-272); a glycine to arginine 
substitution in the membrane domain of the fibroblast growth factor receptor-3 
(FGFR3) seen in almost all cases of achondroplasia (Bellus, G.A., et al. 9 1995, Am. J. 

20 Hum. Genet. 56:368-373); common missense mutations seen in hypertrophic 

cardiomyopathy (Watkins, H., etaL, 1993, Am. J. Hum. Genet. 53:1180-1185); and 
CAG expansions in the coding regions of a number of genes causing neurodegenerative 
diseases (Gusella, J., et al 9 1979, Proc. Natl. Acad. Sci. USA 76:5239-5242; Paulson, 
H.L. and Fishbeck, K.H., 1996, Ann. Rev. Neuroscl 19:79-107). In all these cases it 

25 appears that the same mutations occur repeatedly as independent events, while other 
mutations in the same gene apparently cause a different syndrome, have no phenotype, 
or are incompatible with life. 

Early onset dystonia (DYT1) represents the most severe and most common form 
of hereditary dystonia. This and other genetic forms of dystonia usually follow an 
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autosomal dominant pattern of inheritance with reduced penetrance (30-40%). Six 
genes causing non-degenerative forms of dystonia have been mapped on human 
chromosomes: dopa-responsive - dominant on 14q21-22 (Nygaard, T., et al, 1993, 
Nature Genetics 5:386-391; Endo, K., et al, In: Monographs in Neural Sciences 
5 Age-related dopamine-dependent disorders, Eds.: Segawa, M and Nomura, Y., Karger 
Publishers, New York (1995), pp. 120-125) and recessive on 1 lpl 1.5 (Ludecke, B., et 
al, 1995, Hum. Genet. 95:123-125; Knappskog, P.M., et al, 1995, Hum. Mol. Genet. 
4:1209-1212); paroxysmal on 2q (Fink, J.K, et al, 1996, Am. J. Hum. Genet. 
59:140-145; Fouad, G.T., et al, 1996, Am. J. Hum. Genet. 59:13 5-139); a late onset, 

10 focal on 18p (Leube, B., et al, \996,Hum. Mol. Genetics 5:1673-1678); amixed 
phenotype on 8; and, the DYT1 gene on chromosome 9q34 (Ozelius, L., et al, 1989, 
Neuron. 2:1427-1434). Two of these other dystonia genes have been identified and 
both implicate decreased dopaminergic transmission in dystonia. Dopa-responsive 
dystonia can be caused by disruption of tyrosine hydroxylase, the rate limiting enzyme 

15 in dopa synthesis (Ludecke, B., et al, 1995, Hum. Genet. 95:123-125; Knappskog, 
P.M., et al, 1995, Hum. Mol. Genet. 4:1209-1212) and by haploinsufficiency of GTP 
cyclohydrolase 1, needed for synthesis of the tyrosine hydroxylase cofactor, biopterin 
(Furukawa, Y, et al, 1996, Adv. Neurol. 69:327-337). The only genetic rodent models 
reported to date - the dystonic (dt) mt (LeDoux, M.S., et al, 1995, Brain Res. 

20 697:91-103), the mouse mutant, dystonia musculorum (dMd) (Brown, A., et al, 1995, 
Nat. Genet. 10:301-306); and hamsters with paroxysmal dystonia (dt52) (Nobrega, J.N., 
etal, 1995, Neurosci. 64:229-239; Nobrega, J.N., etal, 1 996, Neurosci. 71:927-937) 
do not match the genetic or neurobiologic features of human dystonias. 

Although there is no distinctive neuropathology in primary dystonia (Hedreen, J. 

15 C, et al, 1988, Adv. Neurol. 50:123-132; Zeman, W., et al, 1967, Psychiatr. Neurol. 
Neurochir. 10:77-121), this condition is believed to result from imbalance of neural 
transmission in the basal ganglia, since cases of secondary dystonia reveal lesions in the 
caudate nucleus, putamen, and globus pallidus, as well as the thalamus and rostral brain 
(Dooling, E.C, et al, 1975. Brain. 98:29-48; Bhatia, K.P, et al, 1994, Brain. 
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1 17:859-876; Kulisevsky, J., et al, 1993, Movement Disorder 8:239-240). Dystonia 
may result, in particular, from disruption of dopaminergic neurotransmission as genes 
defective in dopa-responsive dystonia encode proteins in the dopamine pathway 
(above); drugs that block dopaminergic transmission via the D2 receptor can elicit acute 
5 or tardive dystonic symptoms (Christian, CD., et al. , 1 958, Eng. J. Med. 259:828-830; 
Burke, R.E., et al, 1982, Neurology. 32:1335-1346), and abnormally low levels of 
dopaminergic metabolites have been noted in the cerebrospinal fluid of some dystonic 
patients (Tabaddor, K., et al, 1978, Neurology. 28:1249-1253; Wolfson, L.I., et al, 
1988, Adv. Neurol. 50:177-181; Brashear, A., etal, 1996, Mov. Disord. 2:151-156). 
1 0 The clinical features of early onset dystonia reflect developmental and somatotopic 
patterns in the basal ganglia. Neuromorphologic and physiologic studies in 
experimental animals have demonstrated an anatomic gradient of postnatal modelling in 
neural cell adhesion molecules (Szele, F.G., et al, 1994, Neurosci. 60:133-144) and 
dopaminergic innervation of the striatum (Graybiel, A.M., 1984, Neuroscience. 

15 13:1 157-1 187). This developmental gradient overlies a somatotopic distribution of 
neurons in the basal ganglia subserving movements of different body parts (Crutcher, 
M.D., et al, 1984, Exp. Brain Res. 53:233-243), corresponding roughly to an inverted 
homunculus. In dystonia patients with the AJ founder mutation, the earlier the onset of 
symptoms between about 6 and 24 yrs of age, the more likely they are to occur in a 

20 lower limb and to generalize to other upper body parts (Bressman, S.B., et al. , 1 994, 
Annal Neurol. 36:771-777). These ages appear to define a developmental period of 
susceptibility; as carrier's of the same mutation who manifest no symptoms by 28 years 
will usually remain symptom-free for life. This developmental model of neuronal 
involvement in dystonia provides a platform for evaluating subtle neuromorphologic 

25 and physiologic changes in the basal ganglia. The ability to identify cells expressing the 
torsinA transcript should help to identify the neurons involved in dystonia. 

The apparent lack of neuronal degeneration in early onset dystonia provides 
hope for therapeutic intervention. In fact, even delaying onset of symptoms in this form 
of dystonia might result in a milder phenotype. Most patients with dopa-responsive 
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dystonia, a condition that mimics DYT1 clinically, are virtually cured by administration 
of levo-dopa and this treatment remains effective over the patient's lifetime. A minority 
of patients with typical early onset dystonia have shown improvement with various 
medications, including high dose anticholinergics, dopamine agonists and antagonists, 
5 and GAB Aergic agents, and in some cases drugs have been terminated without 
remission after the age of susceptibility is past (Fahn, S., et al, hi: Movement 
Disorders 2, Eds.: Marsden, CD. et al, London: Butterworths (1987), pp. 332-358; 
Pranzatetti, M.P, 1996, J. Child Neurol. 11:355-369; Bressman, S.B., et al, 1990, 
Neurol. Clin. 8:51-75). Further, patients with the best response to anticholinergics tend 
10 to be those who are treated early in the course of the disease (Greene, P., etal, 1 988, 
Mov. Disord. 2:237-254). 

EXAMPLE 5: DIAGNOSTIC TESTING 

It is to be understood that the diagnostic methods described herein can be 
practiced by amplifying nucleic acid sequence from any region (e.g., exon) of a DYT1 

15 or DYTl-related gene (e.g., TORI A, TOR1B, TORP1 or TORP2) using test samples 
which are obtained from individuals who are either at an increased risk (e.g., who are 
genetically predisposed) of developing a neurologic disease or from an individual who 
is afflicted with a nuerologic disease. Thus, the following exemplification which 
demonstrates the use of the methods and primers disclosed herein to diagnose dystonia 

20 is not intended to limit the scope of the invention in any way. 

This test is performed using polymerase chain reaction (PCR) to amplify part of 
exon 5 in the DYT1 gene from DNA isolated from whole blood. All individuals have 
two DYT1 alleles, one maternal in origin and one paternal. After electrophoresis of 
PCR products, individuals carrying one allele with the GAG deletion will demonstrate 

25 two bands while individuals with two normal alleles will demonstrate one band. 

Detection of DYT1 alleles using PCR amplification is achieved by using two 
oligonucleotide primers which flank the region of exon 5 surrounding GAG nucleotides 
946-948. The sequence of the primers are depicted in italics, the normal sequence of 
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part the DYT1 gene and the GAG deletion (underlined) is shown in SEQ ID NO: 27 
below: 

5*- 

CCTGGAATACAAA CA CC£4 AAAATGTGTATCC GAGTGGAAATGC AGTCCCGA 

5 GGCTATGAAATTGATGAAGACATTGTAAGCAGAGTGGCTGAGGAGATGAC 

ATTTTTCCCCAAAGAGGAGAGAGTTTTCTCAGATAAAGGCTGCAAAACGGT 

GTTCACCAAGTTAGATTATTACTACGATGATTG^C4GrC4rG^rrGGC4 GCC- 
y (SEQ ID NO: 27) 

The oligonucleotide primers 5'-CCTGGAATACAAACACCTA-3* (SEQ ID 
10 NO: 28) and 5-GGCTGCCAATCATGACTGTC-3' (SEQ ID NO: 29) are purified by 
HPLC. One of the primers is end labeled with a fluorescent molecule which results in a 
PCR amplified product that can be detected with high sensitivity by a fluorescent 
imager such as the Hitachi FMBIO® E. Following PCR, the labeled amplified products 
are separated on denaturing polyacrylamide sequencing gels and imaged. The presence 
1 5 or absence of a deleted allele is determined by comparing to normal (no dystonia 
disorder) and positive (dystonia disorder) controls. 

The DYT1 assay controls are cell lines obtained from Coriell Cell Repositories. 
Genomic DNA is extracted from the cells and samples run in parallel with patient DNA 
samples. The cell line GM04282A is employed as a normal control and cell line 
20 GM02264A a positive control. These controls have been fully characterized and 

validated. A "no DNA" control is also prepared at the end of each PCR reaction. This 
control serves as an indicator of any systematic contamination of reagents that could 
cause signals that resemble the PCR products of DYT1 alleles. 

Migration of marker bands through the gel are used to determine if the gel has 
25 run properly and to aid in PCR product size determination. The fluorescent ladder 
consists of 16 fragments which emit at 597 nm. These bands are more visible using a 
605 filter of the Hitachi FMBIO® H; however, sufficient signal will be detected using 
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the 585 filter. The eighth and ninth bands from the top of the gel are 225 and 200 bp 
respectively and are used to size DYT1 PCR products. 

DNA is extracted from blood samples using art-recognized protocols. (Ausubel, 
et al, In: Current Protocols in Molecular Biology, John Wiley & Sons, (1998)). 
Following quantification, by standard methods such as UV absorbance, DNA is diluted 
to a concentration of 50 ng/uL and subjected to PCR amplification in the presence of 
oligonucleotide primers SEQ ID NOS: 28 and 29 using standard methods (Ausubel, et 
al, In: Current Protocols in Molecular Biology, John Wiley & Sons, (1998)). The 
fluorescently labeled primers should only be exposed to light when in use. 

Fluorescent PCR products are run on gels and fluorescent imaging performed 
using, for example, a Hitachi FMBIO® imager. Analysis of DYT1 images relies on 
pattern match of patient samples to normal and positive controls. Detailed instructions 
on software operation can be found in "FMBIO® User's Manual" by Hitachi Software. 

The DYT1 PCR products appear as one or two major bands (205 and 202 base 
pairs in size) on the image from a gel. Background bands are differentiated from these 
major bands using the following criteria: 

1 . A lighter band appearing directly below a major DYT1 PCR product 
band, generating the image of a doublet, does not interfere with 
diagnosis and should not be scored. 

2. DYT1 PCR products exhibiting a single major band (205 base pairs) 
may also show a light background band slightly below the position 
where the second major band migrates (202 base pairs). This 
background band will usually be apparent in the a normal Control 
sample and/or overloaded normal patient samples. 

Signals in the patient (e.g., individual afflicted with a neuronal disease) test 
sample lanes are compared to the normal and positive control signals and a pattern 
match is made. For example, dystonia patient samples are scored by indicating either 
the presence of only the 205 or the 205 and the 202 base pair band. Patients in the first 
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category have two normal alleles, while patients in the second category have one allele 
with the GAG 946-948 deletion mutation and one normal allele which indicates a 
negative and positive diagnosis, respectively. 

If additional analysis of the image has been performed, and if two bands are 
5 present in the same lane, the difference of their sizes in bp should be approximately 
three. In addition, the value for every normal band should be approximately 205 bp and 
202 bp for samples with a second, affected band. 

EXAMPLE 6: FEATURES OF DYT1 (TORI A) AND RELATED GENES 

Clinical criteria and patient samples from affected individuals were obtained 

1 0 through the Movement Disorders Groups at Columbia Presbyterian Medical Center, 
Mount Sinai School of Medicine and Beth Israel Hospital (New York) under IRB 
approved, informed consent protocols. The criteria for the diagnosis of primary torsion 
dystonia and the methods of evaluation were the same as described previously 
(Bressman, S.B., et al., \994, Ann. Neurol. 36:771-777.). 

1 5 DNA was processed according to standard methods (Sambrook, J., Fritsch, E.F., 

and Maniatis, T., 1989, In: Molecular Cloning. A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor). Cosmids spanning the TORI A region 
(Ozelius, L.J., et al, 1997, Nature Genetics 17:40-48.) were sequenced directly using 
primers spaced throughout the cDNAs (DQ1 and DQ2, Ozelius, L.J., et al, 1997, 

20 Genome Res. 7:483-494). The resultant genomic sequence was aligned with the cDNA 
sequence revealing the exon/intron boundaries. The size of the introns was determined 
by amplifying across the introns using exonic primers with Elongase enzyme and 1 .8 
mM Mg 2+ when possible, according to manufacturers instructions (Life Technologies). 
Dideoxy cycle sequencing was performed with the Perkin-Elmer 

25 AmpliSequence Sequencing kit (Perkin-Elmer) using specific primers labeled with [cc- 
33 P]dATP (2000 Ci/mmol; NEN). Direct cycle sequencing (step 1, 95°C 2 min; step 2, 
95°C 1 min; step 3, 60°C 1 min; step 4, 72°C 1 min; cycle steps 2-4 x25; step 5, 4°C 5 
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min) was performed after enzymatic clean-up with exonuclease I and shrimp alkaline 
phosphatase (USB) for 15 min at 37°C and 15 min at 85°C. 

Following DNA extraction from whole blood or lymphoblastoid lines following 
standard protocols, PCR amplification was performed using primers comprising 
5 nucleotides 1380-1398 of SEQ ID NO: 1 as the forward primer and nucleotides 1632- 
1614 of SEQ ID NO: 1 as the reverse primer which span the critical region of the 
TORI A gene (Ozelius, L.J., et aL 9 1997, Genome Res, 7:483-494). PCR products were 
resolved on a denaturing 6% polyacrylamide gel and visualized by silver staining 
(Deimling, A., et a/. ,1993, Neuropathol Appl Neurobiol 19:524-529; Klein, C.,etaL 9 

10 1999, Genet. Test 3:323-328). 

The amino acid sequences of torsinA and torsinB were used to search the 
database of expressed sequence tags (dbEST) to identify additional homologs and 
orthologs. ESTs were grouped by nucleotide sequence, and used to search dbEST 
iteratively. In seven cases, UniGene clusters were identified that represent homologs. 

15 ESTs were assembled into contigs with Sequencher (GeneCodes), or with the EST 
Assembly Machine and EST Extractor at TIGEM (http://gcg.tigem.it/cgi- 
bin/uniestass.pl; http://gcg.tigem.it/blastextract/estextract.html). Amino acid sequences 
of EST contigs were predicted from open reading frames with similarity to torsinA and 
torsinB. The C. elegans database (http://www.sanger.ac.uk/Projects/C_elegans/ 

20 blast_server.shtml) was searched to identify predicted proteins from the C. elegans 
genome project. Gene designations were approved by the Human and Mouse Naming 
Committees. 

Phylogenetic relationships were determined by alignment of the predicted amino 
acid sequences of torsins, torps and heat-shock proteins using ClustalX (Thompson, J. 
25 D., et al 9 1994, Nucleic Acids Res. 22:4673-4680). The tree was calculated by 

ClustalX with 1000 bootstrap trials, excluding positions with gaps and correcting for 
multiple substitutions, and was displayed for plotting with TreeView 1 .5 
(http://taxonomy.zoology.gla.ac.uk/rod/rod.html). 
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Secondary structure predictions were made using the Protein Sequence Analysis 
Server at Boston University (http://bmerc-www.bu.edu/psa/). 

Human TORI A (also referred to herein as DYT1) and TOR1B transcripts 
(DYT1 or DQ2, and DQ1, respectively) were found previously to be highly similar 
5 (71% identical at the amino-acid level) and encoded by adjacent genes on chromosome 
9q34, which face in opposite orientations with their 3' ends as nearest neighbors 
(Ozelius, L.J., et al. 9 1997, Nature Genetics 17:40-48; Ozelius, L.J., et al, 1997, 
Genome Res. 7:483-494). Each gene has five exons spanning about 10 kb, with the 
same location of splice sites; these two genes are separated from each other in the 

10 genome by about 2 kb (Fig. 7). The size of the exons and introns of these genes, and the 
nucleotide sequences near the intron/exon junctions, are listed in Figs. 9A and 9B. 

Dystonic individuals were screened for mutations. It is possible that other 
mutations, in addition to the GAG deletion, occur in the TORI A gene and that at least 
some of these may cause dystonia or other neurogenic diseases. Thus, a mutational 

15 screen of coding sequences was undertaken for TORI A and TOR1B for three groups of 
dystonia patients (n= 23). All affected individuals tested negative for the GAG- 
deletion. The first group consisted of 17 patients (5 of AJ descent and 12 non- Jewish) 
with typical features of early onset dystonia, including limb onset from 3 to 19 yrs of 
age with spread to involve at least one, and frequently multiple, body parts (Fig. 10). 

20 The second group comprised 5 patients (4 AJ and 1 AJ/NJ) with early to mid-life onset 
(4 to 35 yrs) whose haplotype in the TORI A region appeared homozygous. This 
homozygosity could have resulted from consanguinity or deletion of genomic DNA in 
this region on one chromosome, for some or all of the polymorphic markers - D9S2160, 
D9S2161, D9S63, D9S2162, in a <320 kb region, including the TORI A locus Ozelius, 

25 L. J., et al 9 1997, Nature Genetics 17:40-48; Fig. 1 1). The third group was represented 
by one individual from a set of 1 1, out of 88 AJ patients tested with late onset, focal 
dystonia, who carried the same haplotype for nine polymorphic markers (D9S62a, 
D9S62b, D9S159, D9S2158, D9S2159, D9S2160, D9S63, D9S2162, ASS), which span 
the TORI A region. Age of onset in these 1 1 patients ranged from 29-66 yrs (mean age 
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48 yrs) with focal symptoms involving neck (3), larynx (2), upperface (4) or arm (2). 
Phasing of these chromosomes was possible in one family with two affected individuals 
confirmed a common haplotype. 

Genomic DNA from these 23 patients was used to amplify exons from TORI A 
5 and TOR1B with the flanking intronic primers listed in Figs 12A and 12B. A screen of 
known coding sequence in the five exons of TORI A (excluding the 40 bp of the coding 
region and the 5 prime splice junction of exon 1, as this region is very G-C rich and 
proved difficult to consistently amplify) and exons 2-5 of TOR1B (except for the region 
around the 5' end of intron 1 which was difficult to PCR) did not reveal any new 

1 0 changes which would alter the amino acid sequence of the protein or the splicing of the 
messages. A number of previously described polymorphisms were observed (Ozelius, 
L.J., et ai, 1997, Nature Genetics 17:40-48) of the five apparently homozygous patients 
was heterozygous at any of three polymorphisms in the TORI A gene (Ozelius, L.J., et 
al, 1997, Genome Res., 7:483-494), leaving open potential homozygosity or 

1 5 hemizygosity due to a chromosomal deletion. 

There is a gene family of torsins and torsin-related proteins in different species. 
The sequences of torsinA and torsinB were used to search databases for orthologs and 
homologs in other species. Mouse orthologs of both genes are represented by ESTs, 
which are clustered in the UniGene database. Pig and rat orthologs for torsinA are also 

20 present in the EST database. Homologs were also identified in mammals, fish, flies and 
nematodes (see Fig. 13). A phylogenetic analysis of the predicted protein sequences 
(Fig. 8) indicated that one of these, an EST from zebrafish, is closely related to torsinA 
and torsinB, but not sufficiently similar to represent an orthodox, and so is termed 
torsinC. 

25 Other homologs are more distant from the torsins, and so are termed torsin- 

related proteins, or torps. Torp2 and torp3 are expressed by both mouse and human. 
Human ESTs for both torp2 and torp3 and mouse ESTs for torp2 are clustered in the 
UniGene database, which facilitated assembly of cDNA sequence (Fig. 13). Torp4 is 
expressed by Drosophila melanogaster, but apparently not by other species. The three 
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torps expressed by Caenorhabdities elegans are more related to each other than to other 
members of the family, and so together are denoted as torp5, with subtypes a, b and c. 
Since the C. elegans genome project is largely complete, there are probably not 
additional members in nematodes. An apparent pseudogene for TOR1B is located on 
5 human chromosome 2p 1 3 with several B AC clones from this region showing highly 
homologous sequences; however, there is no open reading frame of any length among 
these sequences. 

Some members of the HSP101 superfamily of heat-shock proteins, representing 
both class 1 and class 2 subtypes were included in the phylogenetic analysis (Parsell, D. 

10 A. and Lindquist, S., 1993, Ann. Rev. Genet. 27:437-496). These clearly group 

together, but far from the torsins and torps. Thus, the Torsin family of proteins is not 
simply a branch of the HSP101 family, but is a separate group that shares some 
characteristic domains (Ozelius, L.J., etal, 1997, Genome Res. 7:483-494). 

TorsinA shares functional domains with a family of chaperone proteins, termed 

15 Clp ATPase/heat shock proteins (HSP), of which hspl04 is a member ((Schirmer, E.C., 
et al. , 1996, TIBS. 21 :289-296). Family members are distinguished by binding of 
nucleotides (they typically have ATPase activity), association as oligomeric homomers, 
and interaction with other non-homologous oligomeric proteins (frequently proteases). 
These chaperone proteins help to fold newly synthesized proteins and escort them to 

20 their correct cellular locations, and can protect cells from a variety of stresses, such as 
high temperature, drugs and oxidative damage, by re-folding or degradation of 
denatured proteins. Of note, carriers of the DYT1 mutation frequently first manifest 
dystonic symptoms following an infectious illness or physical injury, hi situ 
hybridization to the DYT1 message in control human brain reveals that it is expressed 

25 strongly in only a few brain regions, including dopaminergic neurons in the substantia 
nigra, and that expression appears to correlate with prolonged stress prior to death 
(Augood, S.J., et al., 1998, Ann. Neurol. 43:669-673). We hypothesize that the GAG- 
deleted torsinA partially blocks stress repair mechanisms in these neurons, thereby 
compromising their function and resulting in insufficient release of dopamine into the 
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striatum. It is not hard to imagine that more disruptive mutations in the DYT1 gene 
could lead to stress-related death of these dopaminergic neurons which will ultimately 
be manifest as neuronal disease. 

Several lines of evidence point to the importance of chaperone proteins and 
proteases in correct folding or degradation of denatured proteins involved in 
neurodegenerative diseases (Welch, WJ. and Gambetti, P., 1998, Nature 392:23-24). 
Many of these diseases show frank accumulation of aggregated proteins closely 
associated with neuronal degeneration, including: oc-synuclein and ubiquinated proteins 
in the Lewy bodies in classic Parkinson's disease (Spillantini, M.G., et al 9 1997, 
Nature 388:839-840); triplet repeat expanded forms of huntington as nuclear inclusion 
bodies in Huntington's disease (DiFiglia, M., et al 9 1997, Science 277:1990-1993) 
extracellular B-amyloid plaques with ubiquinated proteins in Alzheimer's disease, 
including patients with mutant forms of the 6-amyloid precursor protein (Wisniewski, 
T., et al 9 1997, Neurobiol Dis. 4:313-328); and prion protein (PrP)-ubiquitin 
inclusions in prion diseases, including Kreutzfeldt- Jacob disease and Gerstmann- 
Straussler Scheinker syndrome (Suenaga, T., et aL 9 1990, Ann. Neurol. 28:174-177; 
Migheli, A., et al 9 1991, NeuroscL Lett. 121:55-58). Notably, in a model system, 
Lindquist and colleagues have shown that the physical state, i.e., soluble versus 
aggregated/insoluble, of two prion proteins - yeast Sup35 and mammalian PrPC, can be 
determined by the availability of the chaperone proteins, yeast hspl04 and bacterial 
GroEL, with other chaperone/heat shock proteins being ineffectual in this context. 
Thus a member of the same chaperone family as torsinA, namely hspl04, has been 
demonstrated to be effective in the interconversion of a human prion protein between 
aggregated and soluble states. Mutations in three novel proteins apparently involved in 
chaperone/proteolytic pathways have now been identified as responsible for human 
neurologic diseases, including: early onset torsion dystonia (Ozelius, LJ., et al 9 1997 
Nature Genetics 17:40-48), early onset Parkinson's disease, and Angelman syndrome. 
All of these diseases occur in the context of neuronal development (prenatal and/or 
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postnatal), supporting a role for these proteins in neuronal plasticity, as well as in 
protection from stress. 

The TORI A (DYT1) gene for early onset torsion dystonia is remarkable in two 
ways: the large majority of patients with this syndrome bear the same mutation (GAG 
5 deletion) in the heterozygous state and identification of this gene reveals a novel family 
of proteins with features of the heat shock/chaperone and AAA+ superfamily (Ozelius, 
L.J., etaL, 1997, Genome Res. 7:483-494; Neuwald, A.F., etal.,1999, Gen. Res. 9:27- 
43). These data defines the exon structure of this gene and an adjacent homolog, 
TOR1B. 

10 The structural change in the torsinA protein caused by the GAG deletion (loss of 

glutamic acid residue in carboxy terminal) may be functionally unique. While a 
phylogenetic analysis of the TORI A gene family showed it to represent a distinct 
branch related to the AAA+ (HSP/Clp-ATPase - AAA) superfamily, a detailed 
sequence comparison between the torsin family members and this superfamily has 

15 revealed shared functional and configurational domains (Ozelius, L.J., et al, 1997, 
Genome Res. 7:483-494; Neuwald, A.F., et aL, 1999, Gen. Res. 9:27-43). This 
superfamily is typified by hexameric architecture, protein-protein interactions, and 
conformational changes mediated by ATP hydrolysis, and its members mediate a wide 
range of cellular functions. The function of torsinA remains to be determined, but the 

20 high conservation of this family among species suggests an important role in cell 
biology. 

Dominantly inherited conditions, such as early onset dystonia, can result from 
mutant forms of a protein that either act in a "gain of function" manner unrelated to the 
functions of the normal protein counterpart, e.g., in triplet repeat diseases where 
25 extended glutamine residues cause intracellular precipitation of proteins (Paulson, H.L. 
and Fishbeck, K.H., 1996, Ann. Rev. NeuroscL 19:79-107; Ross, C.A., 1997, Neuron. 
19:1 147-1 150; DiFiglia, M., et aL, 1997, Science 277:1990-1993), or in a "dominant 
negative" manner, blocking normal functions of oligomeric protein complexes, such 
that even a minority of mutant subunits in the complex can disrupt its function, e.g., a 
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missense mutation in one subunit of a K + channel that causes deafness (Kubisch, C, et 
al, 1999, Cell. 96:437-446). This latter mechanism seems intriguing for dystonia, as 
members of the AAA+ family typically form six-member, homo-oligomeric ring 
structures, which interact with one or more other proteins, frequently with substrate 
proteins or nucleic acids "threaded" through the hole in the ring. 

The recently described crystal structure of NSF (Lenzen, C.U., et al, 1998, Cell. 
94:525-536; Neuwald, A.F., et al, 1999, Gen. Res. 9:27-43.; Yu, R.C., et al, 1998, 
Nat. Struct. Biol 5:803-81 1) - a member of the AAA+ family involved in vesicle fusion 
(Whiteheart, S.W., et al, 1994, /. Cell Biol 125:945-954) - and alignment of torsinA 
with its structural domains, suggests that the region of the GAG deletion in torsinA may 
be involved either in formation of the ring structure or interaction with partner proteins. 
Mutations in the carboxy terminal portion of some of the HSP proteins, e.g., HslU and 
FtSH (filamentation temperature sensitive protein), can block association with the 
partner proteins in a dominant manner, thereby inhibiting proteolytic function of the 
complex (Missiakas, D., et al, 1996, EMBO J. 15:6899-6909; Akiyama, Y., et al, 1994, 
J. Biol. Chem. 269: 5225-5229). By analogy, the GAG deletion in the carboxy region 
of torsinA could prevent function of an oligomeric complex, even if only a few subunits 
of a heteromeric torsinA ring bear the mutation. Thus, in the heterozygous condition, 
with expression of normal and mutant (GAG-deleted) forms of torsinA, the function of 
the complex might be compromised. Other mutations in torsinA present in the 
heterozygous state might not disrupt function to the same extent and thus might lead to 
a milder or no phenotype. However, disruptive mutations present in both alleles of 
torsinA might cause dystonia or another type of neurogenic disease. 

Three possible outcomes of other mutations in TORI A are possible. First, any 
mutation that disrupts the function of the oligomeric complex might lead to a syndrome 
of dominantly inherited, early onset dystonia. Presumably only a limited number of 
changes in the structure of torsinA could produce a "dominant-negative" effect, and 
some of these might be present in those early onset, generalized dystonia patients who 
do not bear the GAG-deletion. To test this possibility a set of AJ and NJ patients 
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without the GAG deletion who had early onset dystonia (<19 yrs) which began in a 
limb and progressed to involve at least one other body part (not excluding cranial 
involvement) was evaluated. 

Second, if disruption of torsinA function causes dystonia, then null mutations in 
5 both alleles of the TORI A gene might also produce a dystonic syndrome. In the course 
of haplotype analysis in dystonia cases, a number of individuals were identified who 
were apparently homozygous for alleles in and around the TORI A locus and thus might 
bear a disruptive mutation in one TOR1A allele and deletion of the other allele. 

Third, some cases of late onset/focal dystonia might be caused by dominantly 
10 acting, but less disruptive mutations in the TORI A gene. This latter thesis was 

supported by the finding that 1 1/88 AJ patients with late onset dystonia appeared to 
share a common haplotype in the TOR1A region (Ozelius, LJ.,1994, Ph.D. Thesis 
Harvard Medical School), suggesting a possible founder mutation with a milder 
phenotype. Sequence analysis of coding regions of TORI A and TOR IB genes in 
1 5 genomic DNA from these three types of affected individuals, however, revealed no 
further mutations in TORI A, nor any in TOR1B. It remains possible that mutations in 
non-coding sequences in the 5' flanking region or introns of these genes can disrupt 
transcription, processing or stability of these messages, or that the GAG-deletion 
confers a novel, deleterious property to torsinA. These patients may also have 
20 mutations in one of the 1 2 or more other human gene loci implicated in primary 
dystonia (Mueller, U., et al, 1998, Neurogenetics. 1:165-177), including other 
members of the TORI A gene family or loci encoding non-homologous proteins that 
interact functionally with torsinA. To date, however, all multiplex families with early 
onset dystonia with linkage to 9q34 have the GAG deletion. Further, some patients 
25 manifesting apparent homozygosity in this chromosomal region may be hemizygous for 
TORI A and/or TOR IB genes with a consequent haploinsufficiency state. 

The present study provides the foundation for further analysis of the torsinA 
gene family and its role in human disease. The elucidation of gene structure of TORI A 
and TOR1B and description of intronic primers for PCR allow the search for mutations 
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to continue at the genomic level. The elucidation of a cross-species and multi-member 
gene family should aid in defining other genetic predispositions and neuronal diseases 
mediated by this protein family. The features of torsinA shared with the HSP/Clp- 
ATPase and AAA superfamily and the implication of compromised dopaminergic 
function in dystonia provide clues as to the function of this new class of proteins. 

EXAMPLE 7: SCREENING TEST SAMPLES FROM PARKINSON PATIENTS 
FOR MUTATIONS IN D YT 1 AND RELATED GENES 

The role of the DYT1 gene and related genes in neurogenic diseases, such as 
Parkinson disease, can be assessed as follows: l)identify mutations that affect the 
integrity of expression of the torsin/torp gene family; and 2) assess polymorphic 
variations in these and other genes which may influence the manifestation (penetrance) 
of the disease. 

The screening method of the subject invention will be described herein as an 
embodiment useful for determining the role of the DYT1 gene in Parkinson's disease 
patients. However, it should be understood that the invention is not limited to detecting 
the presence or absence of a mutation or polymorphism in a DYT1 gene. 

Genomic DNA isolated from typical Parkinson's disease patients can be 
assessed for the presence or absence of mutations in the DYT1 gene (5 exons) or a 
related neuronal gene by, for example, PCR amplification of exons, single strand 
conformational analysis of PCR fragments to detect sequence variations, and 
sequencing of variant fragments. If patient lymphoblastic cell lines exist it is also 
possible to assess the relative expression of both alleles of the gene, as marked by 
polymorphic variations or mutations. Other members of this gene family can be 
screened for mutations in patients in this same way, if they are found to be expressed in 
human neuronal (e.g., peripheral nervous system or central nervous system) tissues. 
For example, central nervous system expression can de determined by in situ 
hybridization analysis of tissue samples obtained from the cerebellum, locus ceruleus, 
substantia nigra or hippocampus regions of the brain. 
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In addition, polymorphic variations (present in at least 1% of human 
chromosomes) in the torsin/torp gene family and in a-synuclein and parkin, which may 
affect penetrance of the disease state can also be evaluated. 

Sample set 

5 Genomic DNA was isolated from 91 unrelated males with onset of Parkinson's disease 
over 50 yrs (Hotamisligil, G.S., et al., 1994, Movement Disorders 9:305-310) who met 
the standard clinical criteria including: two of three cardinal signs (tremor at rest, 
bradykinesia, rigidity), improvement with L-dopa, and no evidence of secondary 
parkinsonism; as well as a set of 45 age-matched, neurologically unimpaired males. In 

10 addition, Applicants will have access to a projected 100 samples per year from 

Parkinson's disease patients and control spouses collected as part of the NIH-funded 
Parkinson's disease sib-pair consortium study. These samples, will comprise affected 
sib pairs, unaffected siblings and parents, when available. Applicants also have access 
to DNA samples and disease status information for the chromosome 2pl3-linked 

15 Parkinson families as the initial collection of families of European descent, in which 
Dr. Gasser found linkage (Gasser, T., et al 9 1998, Nat. Genet 18:262-265.). 

Mutational analysis 

Test samples obtained from patients afflicted with a neuronal disease {e.g., Parkinson 
disease) can be screened for mutations in genomic DNA, as well as RNA by RT-PCR 

20 analysis in lymphoblast lines. To assess the relative contribution of the two alleles to 
the mRNA expression in cells from patients, we will carry out parallel analysis in 
genomic DNA and lymphoblast RNA (RT-PCR) using polymorphic variations and/or 
mutations in the coding region to mark alleles. For example, the DYT1 gene has 6 
common single base pair changes (two in the coding region and four in the untranslated 

25 3' end) of the torsinA message, one of which results in a change of aspartic acid to 
histidine in the protein (Ozelius, L.J., et al. 9 1997, Nature Genetics 17:40-48). 
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The DYT1 gene, or any other neuronal gene, can be evaluated for the presence 
or absence of mutations by numerous techniques well-known to one of skill in the art. 
For example, this determination can be made by exon amplification, using PCR and 
single strand conformational analysis (SSCP) to screen for sequence variations followed 
5 by sequencing of shifted bands, as in previous studies (Tivol, E.A., et al, 1996, Amer. 
J. Med. Gene. (Neuropsychiatric Genetics) 67:92-97.; Ozelius, L.J., et al. 7 1997, Nature 
Genetics 17:40-48.). The human DYT1 gene has 5 exons spanning 10 kb and 
containing 998 bp of coding sequence. We have generated intronic and untranslated 
sequence primers (SEQ ID NOS: 30-39) which flank the coding sequence and can scan 

10 the entire coding sequence in seven PCR reactions, generating fragments of <200 bp 
which are optimal for SSCP analysis. Using the nucleotide sequences provided herein, 
in particular the 5' and 3' nucleotide sequences of the cDNA clones presented in Figures 
14-21 one of skill in the art could easily identify alternative intronic and untranslated 
sequence primers suitable for use in amplifying individuals exons of TORI A or 

15 TOR1B. Further, Applicants provide herein, intronic and untranslated sequence 
primers (SEQ ID NOS: 40-47) sufficient to enable analysis of the coding region of 
TOR1B. 

Further, individual exons can be screened by PCR amplification of genomic 
DNA using appropriately spaced intronic and exonic primers (Saiki, R.K., et al, 1988, 

20 Science 239:487-491; Tivol, E.A., et aL, 1996, Amer. J. Med. Gene. (Neuropsychiatric 
Genetics) 67:92-97). First strand cDNA synthesized from appropriate patient and 
control lymphoblast RNA can be amplified, using radiolabeled precursors in the 
reaction, to produce 100-200 bp fragments that will be analyzed for differences in SSCP 
profiles (as above). For example, a typical PCR reactions will contain 0.2 mM each 

25 dATP, dCTP, dTTP; 2,5 dGTP, 4 ng/|xL of each oligonucleotide; 0.08 \\L a- 32 P- 
dGTP(>3000 Ci/mM); IX Taq polymerase buffer; and 0.05 jliL Taq polymerase with 5 
ng total genomic DNA in 10 |JL. The thermocycler program used is 94°C for 1.5 min; 
then 25 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min; with a terminal 
extension step at 72°C for 9 min. Amplified fragments will be denatured in 50% 
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formamide at 95°C. loaded immediately onto non-denaturing 5% acrylamide gels, 
containing 2% crosslinker and 5 or 10% glycerol, resolved by electrophoresis at room 
temperature or 4°C (Orita, M., et al, 1989, Genomics 5:874-879; Hayashi, K. and 
Yandell, D.W., 1993, Hum. Mutation 2:338-346.), and visualized by autoradiography. 
5 A variety of gel conditions can be employed to maximize the probability of identifying 
altered mobility, including variations in acrylamide concentration, matrix crosslinking 
percentages, and running temperatures (Hayashi, K., and Yandell, D.W., 1993, Hum 
Mutation 2:338-346.). All fragments with altered migration will be sequenced directly 
using an enzymatic cleanup process with exonuclease I and shrimp alkaline phosphatase 
10 (USB) for 15 min at 37°C and 15 min at 85°C, followed by standard dideoxy chain 
termination sequencing (Sanger, F., et al, 1977, Proc. Natl. Acad. Sci. USA 74:5463- 
5467). Sequence variations will be evaluated in >60 controls (120 alleles) to determine 
whether they represent normal polymorphisms, and in affected families to check 
inheritance. 

1 5 Cycle sequencing can be carried out using the Sequitherm Long Read Cycle 

Sequencing Kit (Epicenter Technologies) developed specifically for the LiCor machine. 
The premix includes 0.5-1 jig of template DNA, depending on the size of the template 
(more template is used for longer fragments); 2.5 uL of 10X PCR buffer; 1.0 |iL 
Sequitherm DNA polymerase; 1 .0 uL of infrared labeled T3 or T7 vector primers (1 

20 pmole), or when using 33 P-dATP, 1 uL of 33 P-dATP (2000 Ci/mmol, NEN), 1 uL of 
specific primer (100 ng) to a final volume of 16.5 uX with water. Five ml of this 
premix is added to 4 tubes each containing 2 uL of a single dideoxy dNTP (ddG,A,T or 
C). The reactions are amplified in a Perkin Elmer 9600 PCR machine using the 
following program: 92°C for 2 min followed by 30 cycles of 92°C for 30 sec; 47-70°C, 

25 30 sec, (annealing temperature is maximized for each primer); and 70°C for 30 sec. The 
cycling is followed by a final 5 min extension at 70°C. When PCR is complete, 3 [iL of 
stop solution is added and the samples are denatured and resolved on a 6% denaturing 
acrylamide gel. The LiCor sequence is read using the BaselmaglR software package 
which includes data collection and image analysis software. The 33 PdATP gels are 
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transferred to 3 MM Whatman, dried and exposed to autoradiographic film overnight. 
This sequence is read and entered into the GCG Sequencher programs manually. 

One of skill in the art can readily genotype appropriate Parkinson's disease 
patients for the genes encoding: torsinA, a-synuclein and parkin, and probably for 
5 TORB, TRP1 and TRP2, as well as haplotype status at the 2p Parkinson's disease locus. 

The mutational analysis described above focuses on detecting sequence 
variations in the coding region of the DYT1 gene. One of skill in the art will 
acknowledge that other mutations occurring in, for example but not limited to, the 
promoter, introns or untranslated portions of the message can also affect expression of 
10 alleles of DYT1 or related genes. It is to be understood that these other mutations are 
withing the scope of the instant invention. It is also to be understood that the invention 
further encompasses employing the probes, primers and methods described herein to 
determine the role of torsin and torsin-related genes in other neruonal diseases in which 
patients have a phenotype consistent with a role for these genes. 

1 5 Sequence Analysis of Other Genes 

Sequence variations in other genes present in DNA samples obtained from 
Parkinson's disease patients, for example, a related DYT1 genes (e.g., TORB, TRP1 or 
TRP2), an a-synuclein and a parkin gene can also be readily determined by the methods 
described above. 

20 The TORB gene encoding torsinB (70% homology in coding sequences to 

torsinA), which lies adjacent to DYT1 on chromosome 9q34, appears to share identical 
exon structure to DYT1 . 

The DYTl-related genes, TRP1 and TRP2, were identified through BLAST 
searches of the expressed sequence tag (EST) database of sequences at the National 

25 Center for Biotechnology Information (NCBI). The LM.A.G.E. cDNA clones 

(Research Genetics) corresponding to these ESTs can be sequenced, for example, on a 
LiCor (model 4000LX) automated DNA sequencer using standard cycle sequencing 
methods. Suitable software for reading the sequence includes but is not limited to the 
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BaselmaglR software package (LiCor). The isolated cDNA clones can subsequently be 
hybridized to Northern blots containing polyA+ RNA from various normal adult and 
fetal human tissues (Clontech). This will establish the tissue distribution of expression 
and the approximate length of the mRNA derived from each gene. With this 
5 information, various pieces of the I.M.A.G.E. clones (i.e., most 5 f or 3' ends) can be 
used to screen human fetal and adult cDNA libraries (from appropriate tissues) by 
colony hybridization (Sambrook, J., Fritsch, E.F., and Maniatis, T., 1989, In: Molecular 
Cloning, A Laboratory Manual., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor). The identified cDNAs will be sequenced as described above, assembled using 

10 the Sequencher program (Gene Codes Corp.) and analyzed with BLAST and FASTA 
programs verses the NCBI databases and the DYT1 and TORB cDNA sequences. If 
necessary, 5' ends of the cDNAs can be obtained using a RACE (rapid amplification of 
cDNA) technique (Frohman, M.A., et aL, 1988, Proc. Natl. Acad Set USA 85:8998- 
9002), as modified by Clontech (Apte, A.N. and Siebert, P.D., 1993, Biotechniques. 

1 5 1 5 :890-893). cDNA sequences and primers which distinguish these genes (usually for 
3' untranslated sequences) can be screened for in situ hybridization studies in human 
brain. Sequences that are found to be expressed in dopaminergic neurons in the 
substantia nigra can be assessed for mutations in Parkinson's disease patients, whether 
or not they are expressed in other cell types. 

20 One of skill in the art can design PCR assays utilizing the 3 f untranslated 

(nonhomologous) end of each gene useful for assigning these genes to particular human 
chromosomal regions. PCR of DNA from a control somatic cell hybrid panel facilitates 
the assignment of a gene to a specific human chromosome and regional localization can 
be achieved using the Stanford Human Genome Center radiation hybrid panel 

25 (Research Genetics). Two possibilities exist: either TRP1 and/or TRP2 map to a 
region already known to or found to harbor an as yet unidentified gene involved in 
parkinsonism, z.e, chromosomes 2p (Gasser, T., et aL, 1998, Nat. Genet. 18:262-265) 
or they map elsewhere. 

Evaluation of Genetic Contributions to Penetrance and Susceptibility 
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With respect to Parkinson's patients genotyping data can be utilized to evaluate 
the penetrance of the 2p gene in linked family and to Parkinson's disease in affected sib 
pairs utilizing DNA samples from the families showing linkage to 2pl3 with autosomal 
dominant inheritance (Gasser, T., et al, 1996, Mov. Disord. 11:163-166; Gasser, T., et 
5 al, 1998, Nat. Genet. 18:262-265). For example, samples from two particular families 
who are of German origin share a common haplotype on 2pl3 suggesting the possibility 
of a founder mutation causing a subset of Parkinson's disease in this geographic/ethnic 
population, which may also appear in sporadic patients derived from this region. 
Penetrance of the 2p gene can be evaluated by typing individuals in these families can 
1 0 for microsatellite markers on 2p 1 3 in the region of the shared haplotype: D2S292-0. 1 
CM-D2S21 15-0.0 cM-D2S327-0.0 cM-D2S21 13-1.4 CM-D2S291-0.5 CM-DS2111-0.1 
cM - D2S2109-0.6 cM-D2S2 110-0.1 cM-D2S145-1.2 cM-D2S1394. This will allow 
for the identification of unaffected carriers. The fact that there are several instances of 
unaffected parents who produce affected children indicates that an autosomal dominant 
1 5 modifying gene affecting penetrance could be transmitted by the married-in parent. 

This implies that the "alteration" in the modifying gene which affects expression of this 
Parkinson gene may be relatively common in the general population, with an allele 
frequency on the order of perhaps 10-20%, consistent with a common polymorphism. 
Some individuals may carry a modifying gene, but may not have been old enough to 
20 show signs of the disease. Unaffected status will be weighted based on the age of the 
individual when last examined. Thus, we will incorporate an age-dependent penetrance 
function, in which penetrance is low (-25%) prior to age 50, and then increases to a 
maximum, moderately high value (-75%) by the age of 75. The modifier trait could 
also be multigenic, or a complex system of polygenic loci, each with a small, but 
25 additive or interactive effect. 

The hypothesis of autosomal dominant transmission of a single modifier gene is 
attractive for several reasons: 1) it is the simplest explanation; 2) it is consistent with 
the pattern of disease expression in our pedigrees; 3) we should be able to detect an 
association of such a modifier gene in our study sample; and 4) it is relatively 
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inexpensive and labor-efficient to test this hypothesis, given current genetic technology. 
In addition we will evaluate genotype status, including 2pl3 and 6q25-27 in sib pairs in 
which are both affected with Parkinson's disease to see if they share common 
haplotypes. (Allelic markers will be phased into haplotypes using siblings and parents.) 
5 Haplotype status for 6q25-27 will be evaluated using markers D6S305 and D6S253 
which are tightly linked to the parkin locus. We have selected to carry out 
complementary haplotype analysis for the 6q25.2-27 region, which carries the parkin 
gene, and not for the 4p region which carries the a-synuclein gene, as mutations 
associated with the former are deletions and do not exclude the possibility of another 

10 gene in the introns flanking exon 4 as being the real culprit. To evaluate the 

significance of associations between allelic (DYT1, parkin, oc-synuclein, etc) or 
haplotype (2pl3 and 6q25.2-27) status and affected status in genetically predisposed 
families, and in sib pairs we will carry out two point comparisons, using the Pearson c 2 
and Fishers exact test (STAT A, computer Resource Center, Santa Monica, CA, 1992) 

15 as described (Hotamisligil, G.S., et aL, 1994, Movement Disorders 9:305-310). 

EQUIVALENTS 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 

20 spirit and scope of the invention as defined by the appended claims. Those skilled in 
the art will recognize or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodiments of the invention 
described specifically herein. Such equivalents are intended to be encompassed in the 
scope of the claims. The teachings of all references cited herein are hereby 

25 incorporated herein by reference. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
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various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



